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THE VICIA AMERICANA COMPLEX (LEGUMINOSAE)1 • 2 
ABSTRACT. This 
large -fl owered 
Charles R. Gunn3 
paper is a taxonomic revision of the 
perennial vetches of North America and 
related forms in eastern Asia. Thirty-three names are 
reduced to a single species, Vicia americana Willd., 
w i t h t h r e e v a r i e t i e s . 0 n e of t h e s e v a r i e t i e s , p r e v i o u s 1 y 
known as Vicia tridentata Bunge or Vicia bungei Ohwi, 
represents a taxon whose relationship to Vicia ameri-
cana has hitherto not been recognized. 
INTRODUCTION 
History 
Vicia ame ricana was vaiidly published by Willdenow ( 1802 ). He credit-
ed the species name to "Muhlenberg in litt.," noting the collection area 
as "habitat in Pennsylvania. " Early collections from eastern United 
States were relatively uniform and presented no particular taxonomic 
problem. Later collections, especially from the western part of the 
range, exhibited considerable variation . The taxonomic limits of y. 
americana became confused as plants from west of the Missouri were 
collected and named. Orobus diffusus Nuttall (1813) appeared in the 
literature as a "new perennial species from the Missourie." Vetches 
related toy. americana, but collected west of the 100° longitude, were 
regularly designated as new species. These taxa have been reduced by 
some taxonomists to synonymy under y. americana, or relegated to a 
variety of this taxon. Other taxonomists have maintained them as sepa-
rate species. 
There has b e en only one published attempt to unite some of the taxo-
nomic information about Vicia americana on a United States basis (Her-
mann 1960). He concluded that y. americana is "a very polymorphic 
species, most of the forms falling readily into the five following varie-
ties " : americana, oregana, truncata, villosa, and minor. 
1 Journal Paper No. J-5802 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa, Project No . 1073. The facilities of the 
Iowa State Herbarium, supported by the Sciences and Humanities Research 
Institute, were used in the preparation of this paper. 
2 Based on a dissertation submitted in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy at the Iowa State University, 
June 1965. 
3 Presently, Botanist, Crops Research Division, Agricultural R~search 
Service, U.S. Department of Agriculture, Beltsville, Maryland. Form-
erly, Graduate Assistant, Department of Botany and Plant Pathology, 
I owa State University. 
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Varieties americana, oregana, and truncata form a "thin leaflet" 
group in Dr. Hermann's key, while varieties minor and villosa form a 
"thick leaflet" group. The delimitation of the individual varieties is 
hazy, there being several overlapping characters. 
Economic Value 
The economic value of Vicia americana is not great. Its chief values 
are as forage and as a well-known native· wild flower. 
The American Indian used y. americana as a food source, particu-
larly the stem and leaves, for greens, and the young seeds (Arnberger 
1952; Craighead , Craighead and Davis 1963 ). 
Wildlife and sheep readily eat this plant. It does not withstand close 
grazing well, being one of the first plants to decrease under heavy graz-
ing pressure (Dayton 1940). Judd (1962) observed that this plant is 
"found growing on ranges in good condition." The leaflets and seeds are 
used by Dusky Blue Grouse, Mourning D oves, Ring-necked Pheasants, 
Prairie Chick,.ens, Quail, and Wild Turkeys (Arnberger 1952 ). Appar e ntly 
there has been no attempt to grow this species as a crop. Pamme l(l911) 
thought it "might well be introduced as a forage plant." 
Vicia americana is described and illustrat e d in The Standard Ency-
clopedia of Horticulture (Bailey 1922 ). S everal other authors, including 
Walcott (1925), Core (1948), and Horner and Booth (1953), have empha-
sized the wild flower values of this species. 
METHODS AND MATERIALS 
Source of He rbarium Material 
Herbarium specimens used in this study were borrowed from these 
herbaria. 
AHUC 
B 
BM 
CAS 
cs 
DAV 
F 
FSU 
GH 
IDS 
ISC 
ISC 
JEPS 
K 
MEXU 
MO 
ND 
Agronomy D epartment Herbarium, Unive rsity of California, 
Davis 
Botanisches Museum, Berlin-Dahlem 
British Museum Herbarium, London 
California Academy of Science Herbarium, San Francisco 
Colorado State University Herbarium , Fort Collins 
Botany Department Herbarium, Unive rsity of California, 
Davis 
Chicago Natural History Museum He rbarium , Chicago 
Florida State University Herbarium, Tallahassee 
Gray Herbarium, Harvard University, Cambridge 
Idaho State College H e rbarium, Pocatello 
Anderson Herbarium, Iowa State University , Ames 
Iowa State University H e rbarium, Ames 
Jepson Herbarium, University of California, Berkeley 
Royal Botanic Garden Herbarium, Kew 
Upiversidad Nac ional de M exic o Herbarium, Mexico 
Missouri Botanical Garden H erbarium, Saint Louis 
Greene Herbarium, Notre Dame University , Notre Dame 
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NEB 
NY 
PH 
University of Neb r aska Sta te Mus e um He rba r ium , Lincoln 
N e w York Botanical Garden Herbarium , ew York 
Acade my of Natural Scie n ces of Philade lphia Her ba r ium , 
Philade l phia 
Pomona C o llege H e rbarium , Claremont 
Rocky Mountain H e rbarium , L aramie 
P OM 
RM 
S MU 
us 
WSP 
Southe rn Methodist U nive rsity Herbarium , D allas 
United States National H e rba rium , Washington 
State College of Washington Herbarium , Pullman 
Abbreviations used for all herbaria cit e d in this paper ar e those of 
L anjouw and Stafleu (1 964) . I would l i ke to express my appre c iat ion to 
the curators who made thes e spe cime ns avai lable. 
Ana l ysis of Herbarium Material 
Twenty - seven morphol ogical characters we r e evalua ted by measu r e -
ment , score, and ratio . The results of th e s e eva luations we r e reco r ded 
fo r e ach spe cimen on a 6 x 9 inch card (F ig . 1 ). 
Plant h e i ght w as m e asur ed from the base to the apex of the main stem. 
The zigzag condition of th e upper five i n ternodes of the stem w a s de t e r-
mined by observation. I n some Y._. ame r icana specime ns the u pper five 
int e rnodes may be strai ght, wh ile in others th e i n ter n odes follow a zig -
z a g pattern. 
Leaflet number was d e signated on the basis of the maximum numbe r 
of l e afle ts per leaf for each specime n . 
HERB SYMBOL, NlMBER SREITT NAME : V. a . ---------------- QUADRAT 
STATE, CXlUNTY: ---------------------------~ 
CXlUECTOR, NO., DATE: ---------------------~----
ECOI.DGY : -----------------------------~ 
STATURE: heJ.8ht (cm) __ ; zigzag __ ; viny __ • 
love st 
FIDWER: s tandar d (mm) __ ; ca zyx (111!1 ) __ , vestures __ , color __ , tooth __ , 
atigma-atylar hair __ ; fi J.Blnent color __ ; f ls/ raceme __ ; 
leaf/inflo ratio __ • 
LEGU-IE: l/v ratio __ ; vestures __ ; ovules __ • 
SEED: hilum/seed circum ratio __ ; color __ • 
LEAF to LEAFLEI' : thickness __ ; ves tures lower epi __ ; upper epi _ _ ; narg1n __ ; 
l/w ratio __ ; leaflet no. __ ; tendril __ ; apex 
leaflet ves t ure l ength __ ; ves ture color __ • 
STil'ULES: 
Figure 1. A fac simi l e of t h e data record card use d in tabuliting morph-
ological cha racters i n th e Vicia ameri cana complex. 
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The lengths of the inflorescence and subtending leaf were measured 
with a millimeter ruler. Measurements were made from the base to the 
apex of the peduncle and from the bas e to the first branch of the tendril 
along the rachis. The length of the rachis of leaves with nonramose 
tendrils was measured from the base to a point equidistant betwee n the 
last petiole and the e nd of the tendril. 
The selection of the leaflets to be studied in detail was made by a 
"random" process (W oods on 1947). One leaflet was removed from a leaf 
borne on the upper third of each specimen, usually from the region of 
the raceme. An additional leaflet w as removed from a lowe r leaf when 
necessary. Two leaflets we re removed from plants with two distinct 
types of leaflets ; ~· ~, upper leaflets broad, lower leaflets narrow. In 
all instances the leaflet was taken from the lower portion of each leaf. 
Leaflet apices were as signed to one of three categories: pointed, 
rounded, or truncat e . All leaflets were mucronulate. 
The leaflet margins exclusive of the ape x we r e categorized as e ntire, 
slightly toothed (teeth bare ly visible or w i dely scattered), or toothed 
(prominent or closely spaced teeth). 
Leaflet hairs were observed with a stereoscopic microscope and arbi-
trarily grouped into four categories, according to the numbe r of indivi-
dual trichomes within a 3. 2 mm diameter circle. These categories 
were: glabrous, few hairs (1-9 hairs), scattered pubescence (10-30 
hairs), and pubescent (mo r e than 30 hairs). An additional category was 
created for certain West C oast plants of a villous (hairs at least O. 5 mm 
long) nature. Vesture length was determined by using an ocular micro-
meter in a stereoscopic microscope. 
The method used in d etermining the thickness of leaflets was a gen-
eralized test of flexibility. The leaflets were arbitrarily scored as thick 
(coriaceous), stiff (not coriaceous), and thin. 
Tendril ramifications were arbitrarily placed in four categories: non-
ramose, two branches, three branches, and more than three branches. 
Stipule characters, such as outline, number of teeth, and size were 
inconsistent on individual plants and we re dropped from consideration. 
The flower number was designated on the basis of the maximum num-
ber of flowers per raceme for each specimen. 
Standard and calyx measurements of dry flowers we re made with a 
millimeter ruler, from the base of the calyx to th~ apex of the standard 
or calyx. The ventral calyx tooth, subtending the keel, was measured 
from the base of the sinus to the apex of the tooth with an ocular micro-
meter in a stereoscopic microscope. The presence or absence of hairs 
on the calyx could not be satisfactorily classified. 
The color of the united portion of the filament fell into three color 
classes: chestnut brown, slightly brown, or white . This character, 
found inconsistent on individual plants, was dropped from conside ration" 
The presence or absence of pubescence on the ovary and l egume was 
determined with a stereoscopic microscope. When necessary, flowe rs 
were dissected and the ovaries used in noting this character. 
Ovule pumbe·r was determined by dissecting mature legumes or by 
using transmitted light on young, flattened legumes. Hilum measure-
ments of the rrif.ture seed were made with a stereoscopic microscope 
equipped with an ocular micrometer. The diameter of the seed w as 
measured with a Lufkin caliper, 453 EM, g raduated in half millimeters. 
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Mass Collections 
Thirty-five mass collections were made i n Arizona, California, Colo-
rado, Iowa, Nebraska, New Mexico, Oregon, and Wyoming. The cOllec-
tions consist e d of 10 to 20 stems taken at random from each of th e popu-
lations sampled. In a few instances less than 10 stems we re a vailable . 
The characteristics of each mass collection specimen we re de t e r-
mined in the manner described for the ordinary herbariu m accession. 
One plant from each mass collection was mounted and d e posited in the 
Iowa State University Herbarium. 
Cytological Investigations 
Cytological mater ial obtained from both fl owe rs and r oot tips was 
used in making chromosotne counts. 
Root tips were cut off and immediat e l y placed in a nutri e nt solution 
(Hoagland and Arnon 1950) w ith O. Zo/o aetidi one . The tips we r e fi xe d in 
3:1 alcohol-acetic acid for at least 1 day . T he first few root tips we r e 
h ydrolyzed for 10 minutes in 1 N HCl in a 60 ° C w ater bat h, the n trans-
ferred to Feulgen stain for at least 30 minutes, not more than 2 h ou rs 
(Bowen 1960). Subsequent root-tip preparations wer e fixed in 3 : 1, the n 
stained directly with propriocarmine. All slides were m ade permane nt 
by the COz freezing method of Bowen (1965 ). After e ach succe ssful count, 
the plant was prepared as a voucher specimen and depo s ited along w ith 
the slide in the Iowa State University Herbarium. ~ 
When seedlings were used as the root tip source , the seeds we r e 
sprouted in a 20• C seed germinator. The seeds, scar ified by a tria ngu-
lar file, were planted half-submerged in quartz sand moistene d with 
phenacradine chloride (PAC) (Anderson ~ ~· 1964 ). The seeds we r e 
exposed to light and dark periods of 16 and 8 hou r s, respecti ve ly . The 
root tips were collected a few days after germination a nd p roc e ssed as 
just described. The seedlings were transplanted to pots c on t a i ning steri-
lized potting soil inoculated w ith a vetch strain of nit rogen-fixing bac-
teria. These plants were subsequently processed a s v ouch er specimens 
as needed. 
Meiotic counts were made from 
greenhouse and field between 7 and 
from March through the end of May. 
p. m. for the entire blooming period. 
microsporocytes colle cted in the 
8 p. m. Collecting was carried on 
The best collecting time was 7: 3 0 
The y oung buds were placed immediately in a nutrient c o lution (Ho a g -
land and Arnon 1950 ). The y w ere fixed in 3: 1 alcohol-ace tic acid (Bowen 
1960) for at least 1 day. The chromosomes w ere s taine d w ith pr o pr i o-
carmine, then the procedure pre viously outlined w a s f ollowe d. 
All drawings we re made by using a Zeiss drawin g apparatus. T h e 
chromosome figures were made a 970X. 
Greenhouse , U niform Garden, and Grow th Chambe r Procedures 
Plants g row n in the greenhouse, uniform garden, and growth chamber 
were potte d in sterilized potting soil inoculated w ith a vetch strain of 
n i trogen-fixing bacte ria fu rnished by the Nitragin Company, Inc., Mil-
waukee, Wisconsin. 
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From October through May the plants in the greenhouse were p lac e d 
on a 12-hour light da y . Th e light w as supplied by both mazda and fluor -
escent bulbs. E xcept f o r the summer months w h e n no cooling control 
was availa ble, the hous e was maint ained at approximately 70"F. E ve ry 
3 months the pots were flooded with an aqueous solution of 20-20-20 
commercial fertilizer. 
The plants placed in the uniform garden we re potted in ste riliz ed , 
inoculated potting soil in the g re e nhouse during July or e arli e r, then 
placed in the garden in August. 
GEOGRAPHICAL AND M O R PHOLOGICAL LIMITS 
OF THE VICIA AMERICANA COMPLEX 
The Vicia americana c ompl ex is a w ide - r ang ing ~embe r of the North 
American flora (Fig. 2), and the e ast e rn Asian flora (Fig. 20). Y._. ameri -
cana is the most w idespr e ad naturally occurring ve tch in No rth America . 
.Q_e s cription 
The members of the Vicia americana c omple x (including over 30 bi -
nomials and trinomials) ha ve these characte rs in common: 
Glabrous to pubescent, usually vining, perennial herb. Trichomes 
golden or white. L e aves pinnate ly compou nd, terminating in a simple 
or ramified tendril. Leaflets 4 -1 4, e ntire to toothed , thin to coriaceous, 
oval to linear, apices rounded to truncate to sharply acute, mucr onulate . 
Stipules mostly sharply serrate. Flowers (2) 3-10 raceme, varying in 
shades of bluish-purple to rarely w hite. Standard 12-25 ~m long . Calyx 
less than half the standard l e ngth; the tube quite oblique at the apex, 
slightly gibbous at the base, usually partly bluish-purple . United portion 
of the filaments varying in c o lor from whit e to chestnut. O var y covered 
by golden hairs, the valve area glabrous to rarely pubescent. L egume 
glabrous to rarely pubes cent, bearing 8-14 ovules . Hilum- seed circum-
ference ratio circa 25%. Chromosome number: Zn= 14. 
Delimitation in North America 
The characters just describe d differenti at e the V . americana group 
from other North American species. Si x of the characters ar e tabulated 
in Table 1 and pictorialized in Figur e 3. From the histogram (Fi g . 3) 
one can see that y_. americana, numbe r 2, stapds by its e lf w h en com -
pared with other native vetches on the basis of the corre lated characters, 
standard length and ovule number. '!_. mexicana , number 14, the 
closest species to V. americana in the hist og ram, has a flow er -per-
raceme range of (2)-=-3-10. 
The foll owing key may be used to determine if an unknown No rth 
Amer ican vetch is a membe r of the Vicia americana complex. 
1. Standard 12-25 mm in length; flowe rs (2)-3-10 per raceme; 
hilum-seed circumference ratio circa 25%; ovules 8 -1 4 
per legume . . V. americana complex 
l. Standard less than 10 mm in length or if longer, flowers 1- 2 
or 15 or more per raceme or hilum-seed circumference 
ratio circa 75% . other North American vetches 
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Table 1. A comparison of selected characters of 18 North American 
species of Vicia. 
Spe ciesa 
Flowe rs 
per 
raceme 
S tandard 
l ength 
( mm) 
acutifolia 3-4 6-7-7. 5 b 
americana (2)3-_1-10 12-18-25 
caroliniana 3-20-+ 5-7. '.:i -1 0 
cracca 8-20-+ 8 -.2_-10 
1-2 5 . 5 -6. 5- 8 
floridana 1-2- 5 5- 5 . 5 - 6 
gigantea 8-.!..!.-14 13-13. 5-14 
hugeri 7-8 6- 6. 5. 7 
humilis 8 
lea venworthi i 4-5 5-5. 5-6 
leucophaea 1-2 7-~-9 
ludoviciana 2-8-14 4-5. 5-7 
mediocincta 1-2 7-.!_2-12 
mexicana 15-16-17 13-15-17 
m inutiflora 1-2 4-6-8 
ocalensis 5-.2_- l 3 8 -10-11 
pu lche lla 8 -17- 26 5-6-7 
reverchonii 5-6-7 
alncluding var ieties . 
bUnderlined number is the me an. 
L egume 
ve stu r e 
pubescent 
g l ab or pub 
g labrous 
pubescent 
gla b r ous 
pubescent 
g labrous 
pubes cent 
glabrous 
pu be sc ent 
O vule 
number 
6-~-9 
8-11-14 
4-8-11 
4-6-7 
4-6-8 
1-2-3 
4-6-7 
4-7- 8 
8 
3 - 6-8 
6-7- 8 
4-6-7 
7-.2_-10 
8- .2_-11 
4-~-12 
7-.2_- l l 
5-1-9 
11-12-13 
Hilum-
seed 
circum-
ference 
ratio 
.75 
• 25 
• 7 5 
. 33 
. 15 
.75 
. 7 5 
.75 
. 3 0 
. 20 
. 25 
. 30 
. 30 
.25 
. 75 
. 75 
• 25 
. 75 
178 CHARLES R. GUNN 
Figure 2. Distribution of the Vicia ame ricana complex in North America. 
CYTOLOGY OF VICIA AMERICANA 
Chromosome counts were made from root-tip squashes and micro-
sporocytes. A summery of some of the counts are presented in Table 2 
and illustrated in Figure 4 . 
Table 2. A list of ch r omosome counts m ade in Vicia americana s. 1. 
Collector Number L ocation 
F.H. Montgomery a 636 Ontar io, Canada 
C.R. G unn 2596A Coconino C o . , Ariz . 
2631Z Riverside C o. , Calif. 
2848 Stor y C o . , Iowa 
2566 Story C o . , Iowa 
2568 Saline C o . , Nebr . 
2746C Yamhill Co . , Or e . 
2808 Car bon Co. , Wyo. 
aFrom a specimen deposit e d in the Gray Herbarium. 
Co unt 
2n=l4 
2n=l4 
2n=l4 
n=7 
n=7 
2n = l4 
2n=l4 
2n=l4 
12 
11 
10 
_, 7 
:> 
> 
0 6 
z 
< 
~ 5 
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999 9 
9 
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MEAN STANDARD LENGTH (MM.) 
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Figure 3, A comparison of selected characters of 18 North American 
species of Vicia. (A histogram of Table 1) 
The center of the circle is at the junction of the ovule number and 
standard length lines. The hatched circles r ep re sent plants w ith 
pubescent legumes. (y. americana is half hatched, depicting the 
presence of glabrous and pubescent legumes in the complex.) The 
l.ength of the black arc ar ound each circle represents the hilum-
seed circumference percentage. 
1. .Y. acutifolia 7. v . gigantea 13. .Y. mediocincta 
z. 
.Y. americana 8 . .Y. hugeri 14. .Y . mexicana 
3 . .Y. caroliniana 9. .Y. humilis 15. 
.Y · minutiflora 
4 • 
.Y· ~ 1 o. .Y. lea venworthii 16. .Y. ocalensis 
5 . 
.Y. exigua 11. y_ • leucoEhaea 1 7. .Y. eulchella 
6. 
.Y. floridana l Z. .Y . ludoviciana 18. .Y . re ve r chonii 
L e dingham ( 1957) r e ported the s porophytic count of 14 for Vicia amer-
icana Muhl. , V . sparsifolia Nutt. , and .Y. trifida Deitr. Rou~in 
studying the members of this complex in California, found that counts 
from the same collection were Zn = 14, w ith an occasional Zn= 16. He 
labeled these two extra chromosomes supernumeraries . 
1 Dr. A. Rousi, Maatalouden Tutkimuskeskus, Puutarhantutkimsultaitos, 
Pukkio, Finland. Personal correspondence about his work with the Vicia 
americana complex in California, July 1, 1963. 
180 CHARLES R. G UNN 
F igure 4. Chr omosomes in Vicia americana complex. 
A. Meioti c chromosomes of y_. americana from Stor y Co., 
I owa . B -E. Mitotic chromosomes , preshrunk with 
actidione. 
B . y_. americana from Car bon C o . , Wyoming. 
C. y_. americana from Onta r io, Canada. 
D. y_ . americana from seed produced. by s e lf ferti lization . 
E. y_. americana fr om Ri ve r side Co., California. 
F. y_. ameri cana from C o conino C o., Arizona. 
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ECOLOGY OF THE VI CIA AMERICANA 
COMP LEX IN O RTH AMERICA 
Distribution and Establishment 
181 
Vicia americana is a euryec i ous complex thriving in seve n of the t e n 
flor i stic provinces north of Mexico (Gleason and Cronquist 1964): north-
e rn conife r, easte rn d e ciduous , g rassland, c o r di lleran forest , great 
bas in, Califo rnia, a nd S ono ran . W ithin these provinces. V. ame ricana 
may be fou nd in dive r se habitats : fo r est , grass l and , brush, roadside 
shoulde r s and ditches , and occas ionally in cultivated fields. Plants have 
been collected from loam , l oess, alluvial , a nd vo l canic soils as we ll as 
from r ecently distu rbed soils . Plants grow in c l ose proximity to granit e , 
basalt , sandst one , and limestone outcr ops . Y._. americana may be found 
from near sea -leve l t o at l east 10, 000 feet altitude . 
Within these fl o ris t ic r egions Y._. americana is associated w ith the 
mic r otherma l climatic r egion of No rth Ame r ica (Thornthwait e 1931 ). 
Only a few collections of Y._. americana have been made below th e lin e 
separating the microthe r mal a n.d mesoth e rmal climati c regions in the 
U nited States (Fig . 5). Th e fe w int r usions in Kansasl, Oklahoma, and 
Texa s 2 are due to a race adapt ed to the short - grass prairi e . The exten-
s i ve southern int r us i on int o Arizona, N e w Mexic o , and Mexi co is due to 
an ame li oration of the southe rn h e at by e l evation . Stations in these states 
are invariably at the middle e l evations , circa 7000 feet. 
In Califo rnia the l ower e l evati o n stations of Y._. americana are in 
si t e s influenced by the ocean. The sites all have a July mean surface 
t e mperature of l e ss than 7 6°F. 
A t empe ratur e preference can be deduce d by comparing the distribu-
tion map of Y._ . amer icana w ith climatic charts in 0 limate and Man (U .S. 
De partme nt of Agriculture 1 941 ). In genera l outli n e , th e distributi on of 
Y._. ame ricana coincides with areas having a July mean surface t empera-
ture of less than 76 ° F. The range of this speci es se l dom exce eds th e 
7 4 ° F isotherm. It would appear that sustained h eat during the summer 
months i s limiting to Y._. ame ricana. 
Ostens ibly . the r e is n o critical p r ecipitation factor. In its ea st-wes t 
distribution Y._. ame ricana is found in areas ranging from humid to semi-
arid (Shreve and Wiggins 1 964) . 
Colonies 
The size of the coloni es doe s not appear to vary w ith the habitat. Col-
oni e s are usually circular. The dis tance between c o loni es varies from a 
few tens of yards to many miles, t e nding to incr e ase n ea r the border of 
the microthermal climatic region. C oloni e s usually c ontain from ten to 
seve ral hundr e d plants . Sing le plants are rarely found. 
In most c o l oni es . each plant superficially, and probably genetically , 
resemble s the oth e r s in the c o l ony . C o l onies c ontaining plants w ith two 
1 Gates ( 1940) r e p o rted Y._. americana in one-third of the Kansas counties 
scattered over the state , except in the extreme southwest. 
2 Shinners ( 1948 ) r e ported Y... ame ricana s . 1. from thre e Texas counties: 
Hutchinson, Randall, and Wheeler. - -
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Figure 5. The relationship between the distribution of~ americana 
from New Jersey to New Mexico and the line separating the 
microthermal and mesothermal climatic regions of Thorn-
thwaite ( 1931 ). The line was terminated in New Mexico, be-
cause the distribution of y. americana south and west of this 
point is related to elevation or to an ocean-cooled climate. 
These relationships cannot be illustrated on a map of this 
scale. 
distinct leaflet types are rare. In these colonies one leaflet type is 
dominant, any other types restricted to small, well-knit areas (micro-
habitat) within the colony. 
From the nature of the colonies it appears that most colonies are 
products of a single parent. This single-parent origin for colonies is 
suggested by the isolation of the colonies ,and by the centering of leaflet 
variation among individuals about a more or less distinctive colonial 
mean (Table 6 ). 
Pollination 
Anther dehis cence 
D elpino and Muller fide Kunth ( 1906-09) studied pollination in Vicia 
~· The anthers, w hich closely surround the stylar brush, dehisce 
and shed their pollen among the hairs of the brush when the flowers reach 
full size. Bees, upon visiting the fully expanded flower, rupture the 
stigmata papillae, rendering the stigma sticky and receptive. 
There are two stigma-anther juxtapositions in y. americana buds. In 
Figure 6A the anthers dehisce below the stigma-stylar hair complex. 
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Figure 6. The anther-stigma juxtaposition at anthesis in V. americana 
buds. 
A. Anthers dehiscing below the stigma and stylar hairs (bud 
stage). When the flower expands , the pollen is trapped 
below the stigma. C.R. Gunn 2 713, D el Norte Co., Calif. 
B. Anthers dehiscing above the stigma and stylar hairs (bud 
stage). When the flower expands, the pollen is com-
pressed by the apical kee l fo ld, forming a core around the 
stigma. c. R. Gunn 2658, Contra Costa Co., Calif. 
When the flower matures, the pollen is trapped below the stylar hairs. 
In Figure 6B the anthers dehisce above the stigma-stylar hair complex. 
The pollen is compressed into a cone in the apical depression of the keel 
as the ovary and style expand in the enlarging flower. In either position 
the anthers dehis ce in the bud at about the time the color becomes evid ent 
in the standard. 
Pollination by bumblebees 
A limited study of the relationship between the bumblebee and pollina-
tion of Y.· americana was undertaken in three stations near Ames, I owa . 
The circumstantial evide nce accumulated from this study indicated that 
there is a correlation between flower density and bumblebee activity. In 
the station whe re the flowers we r e clearly visible and concentrated, the 
bumblebees were most active. They were least active, if ever present, 
in areas where the flowers were concealed by vegetation or where the 
flowers were widely scattered.- In colofti~a where the bumblebee activity 
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was high, seed set was quite good. Convers e ly, whe n the bumblebee 
activity was l ow , the seed set was poor to nonexis t e nt. 
Five of sixteen bumblebees working in a Story County, Iowa, r oadside 
c olony were collected directly into an insect-killing vial after e ach bum -
blebee had visited 10 flowe rs. Each bumblebee wa s vigorously washed 
in the same 19 ml of a wetting solution (Pohl 1954) . The w ash solution 
was examined microscopically, one drop u nder a 22 x 22 mm cove rslip, 
for pollen. No foreign polle n was seen . The V . americana pollen count 
averaged two pollen g rains per drop . 
Pollination by an artificial method 
In the greenhouse tests, shaking flowering plants of Y..· americana did 
not produce a fruit set. They we r e successfully self pollinated in the 
gree nhous e by us ing a pipe cleaner in 13 out of 16 attempts . 
Conclusions 
Y._. americana is self - compatible when the stigma is made receptive . 
Circumstantial eviden c e indicates that bumblebees render the stigmas 
re ce pti ve for self pollination. 
If pollen is transferred from one fl owe r to another , self pollination 
occurs, because bumblebees systematically vis it all the open flowers in 
a raceme. Bumblebees , if they carry pollen f rom o ne raceme to another 
within a colony, effect self pollination, since most colonies are probably 
the product of one pa r e nt. 
VARIATION IN VICIA AMERICANA IN N ORTH AMERICA 
Vicia americana is adapted to a w id e range of edaphic and climatic 
conditions in the microthermal region of o rth America . Its success 
in achieving a wide distribution (in excess of two - million square miles) 
may be interpreted as a result of its gene tic plasticity . This plasticity 
is expressed in correlated and n oncorrelated external morphological 
characters . 
Analysis of Vicia americana complex 
members with pubescent legumes 
The pres e n ce of hairs on the valves and sutures of legumes and ovar -
ies is the o n e character that has a definite geog raphical correlation. In 
North America plants with pubescent ovaries are limited , almost wi th -
out exception , to Arizona, California, Or egon , and Washington. The 
presence of golden hairs on the sutures of the ovary of th e ea stern Asia 
member of this complex is discussed in the section, "Variati o n in Vicia 
ame ricana in Eas ter n Asia." 
Inter pretation of previous treatments 
Kellogg ( 1854) descri b ed Vicia truncata var . villas a as pass es sing 
leaflets "broadly obovate - truncate, teeth nume rous, 6 to 8 along the up-
per third and truncate end , mucronate , short villous pubescent above , 
very vi llous with long hairs beneath, vertical or reversed; . .. stigma very 
vi llous; ten seeded . .. l to 2 feet high, (leaflets) from 1 / 4 to 1/ 2 an inch 
in length, and nearly the same in breadth. " The t ype l ocality was desig -
nated as Placerville (El Dorado County), California. 
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Vicia californica Greene is based on plants collected in Calaveras 
County, California. Following the description, Greene (1891) noted, "it 
may be the .y . truncata var . villosa Kell. " He d iffe rentiated his species 
from Y.. americana (including Y. . truncata) "on account of its low z i gzag 
stems , short and simple tendrils, subcoriaceous leaflets, and soft -
pubescent herbage." The description of Y.· californica is similar to that 
quoted for the Kellogg variety. A variety of V . californica was named 
by Jepson (1936). Y.· californica va r. madre~sis J e pson from Madera 
County, California has strongly serrate leaflets . 
Three new vetches were described in California in 1905. Eastwood 
( 1905) named Y. . durbrowii from Ma riposa County and Y.. copelandii from 
Siskiyou C ounty . She noted that Y. · du rbr owii possessed pubescent ova -
ri es and villous -pubescent pods . This was the first record of pubescent 
ovaries or pods among the larg e -flowered No rth American vetches, 
H e lle r (1905) related his new spe cies , Y.· pumila Heller, from Siskiyou 
County, California, to Y.· califor nica. H e regarded his species as being 
less pubes cent than Y.. californica, possessing a different leaflet shape 
and apex, ha v ing perhaps different flo ral characters, and bearing "nearly 
g l abrous pods. " 
S everal recent Pacific Coast floras [viz ., Jepson (1936), P e c k (1941), 
Abrams (1944) , Jepson (1 95 1), and Munz (1959)] have used the name 
Vicia californica . All these authors simi larly delimit and describe the 
entity. Only Peck noted the presence of the "puberul e nt pod . " Hitchcock 
and Cronquist (1961), followin g the treatment of H e rmann, r ega rded the 
Y.· californica as a variety of Y. · americana . They observe that the l e -
gume is " rather copious l y v illous-pubescent." 
Hermann ( 1960) p laces Y. . californica in the Y.. americana complex 
under the name of y_. americana va r. villosa (Ke llog g) Hermann . No 
mention is made of the pubescent le gume . Hermann listed in synonymy , 
Y.· californica var . madrensis, Y. · durbrowii, and Y. · truncata var . vi l-
losa. Following a d e scription similar to the o riginal description , he 
stated, "often closely r esembling va r. oregana . It usually can be dis -
tinguished from the latter by its shorter and broader calyx-lobes , the 
lowe rmost averaging 0. 75 to 1. 5 mm l ong, as compared with 2 - 4 mm in 
var. oregana , but intermediates between the two varieties are frequent." 
The concept of Y.. californica is not firmly established. Both Her -
mann (1960) and Hitchcock and Cronquist (196 1 ) speak of intermediates 
and inter g radation. J e pson (1936) t r eats Y.· californica as a distinct 
species . He gives a long biological note and lists a new variety , variety 
madrensis Jepson. Jepson (1951) presents a different c onc ept of the 
validity of Y. . californica. The biological note is dropped, as we ll as his 
variety madrens is. More important is his conclusion that Y.· californica 
" inter g rades to no. 3 (y. ame ricana) and seems insufficiently distinct. " 
The range of Y.. californica is, acco r ding to m o st authors except Hitch-
cock and Cronquist ( 1 961 ), from southe rn California to southern Oregon. 
The latter authors have extended the range to I s land C ounty, Washington. 
In this part of the range they sta te that it freely inter grades w ith Y.. 
americana va r. truncata , b e ing more distincti ve in Oregon than in Wash-
ington. 
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Fi ;:: ure 7. Grids showing l even characters for 123 individuals of Vicia ca lifornica and y_. americana fr om 
western Unit ed Stat e s. On ea ch grid the ve rtical column represents a character, and the horizontal 
row r e pres e nts an individual. Eleve n characters and 123 individua l s of Vicia americana s . 1. from 
Arizona, Califo rnia, Oregon, a nd Washington were us d in preparing thes e g rids. 
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Fi gu r e 7 . (cont.) The e l eve n characters : 
1 . Upper five int ernodes zigzag 
2 . L·aflet apex 
j · Apex denticulate 
4. Leaflet margin 
"· 
leaflet pubescence (both sid~s) 
6. Leaflet hair color 
7. Leaf let hair length 
8 . Leaflet thickness and rigidity 
G / . Standard length 
10 . lrn-rest calyx tooth length 
11. Legwne pubescence 
.yes 
no 
emarg~nate or truncate 
rounded or pointed 
yes 
no 
dentate 
entire 
villous 
pubescent to glabrous 
golden 
white 
0 . 5 mm . 
0 . 1- 0 . lc mm . 
thick or stiff 
thin or pliable 
12- 15 rrnn . 
16 rrnn . 
0 . 1- 1. 5 mm . 
1.6-4. o mm . 
pubescent 
scattered to few 
glabrous 
No entry 
18 7 
The 123 p lant s were arranged by state and county from south to north , 
i_: .£·, Pima C ounty , Arizona via California and Oregon to S an Juan C o ., 
Washington . 
L egumes glab r ous CY.: americana) : 1-2 Arizona; 3 - 25 C alifornia; 
26 - 27 Oregon; 28 - 29 Washington . 
L egumes pubescent (y . californica) : 30 - 35 Arizona; 36 - 110 California; 
111-11 8 Oregon; 11 9-1 2 3 Washington . 
The type speci mens included in these grids are : 
1 7. Holotype of V . californica Greene 
23 . Ho l otype of V . copelandii Eastwood 
6 1. H o l otype of v . califo rnica var . rnad r e ns is J e pson 
62 . H olotype of V . durbrowi i E astwood 
10 8 . Holot y p e of V . pumila H e ller 
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Analysis of data 
Data obtained from herbarium specimens, a uniform garden collec-
tion, and a progeny study were analyzed for differential characters that 
might be employed in interpreting these pubescent legume plants. 
Herbarium specimens. Y.· americana and y. californica from Ari-
zona, California, Or egon, and Washington we re scored for eleven char-
acter s that previous authors or my observations have indicated might be 
of diagnostic value. Arizona plants were included because some possess 
pubescent ovaries. Ten of the eleven characters we re scored on a basis 
that allowed the scores to be translated into a black or white pattern 
(Fig. 7). The eleventh character was scored on a basis that allowed the 
scores to be translated on a black, half black, or white basis. 
The plants were placed in two categories in the grids . Numbers 1-29 
represent a random selection of plants with glabrous legumes (y. ~­
icana) from the four -stat e area: Arizona 1-2, California 3-25, Or egon 
26-27 , and Washington 28 -29. Plants w ith pubescent legumes are in-
cluded in the set 30-123: Arizona 30-35, California 36-109, Oregon 110-
118, and Washington 119-123. Within each category the individual plants 
are arranged geographically, south to north , by states and counti e s. 
Where possible, adjacent counties are placed next to each other. 
If these eleven characters are of value in identifying Y.· californica, 
then numbers 30-123 should be black or nearly black. For contrast num-
bers 1-29, representing y. americana plants, should be"white or nearly 
white. The grids present a mosaic pattern difficult to interpret. Ge n e r-
all y the Arizona and Washington pubescent-legume populations have 
fewer black squares than the California and Oregon pubescent-legume 
populations. However, this observation breaks down on a plant-to-plant 
comparison since there are predominantly white areas in the California 
portion of the pubescent-legume grid . 
A graphic summary of the number of black squares (characters attri-
buted toy. californica) in the glabrous - and pubes cent-legume grids is 
pres ented in Figure 8. Plants with glabrous legumes may have from 1-9 
black squares. Plants with pubescent legumes (either fully or partially 
pubescent) may have from 1-10 black squares. Figure 8 suggests, as 
does the mosaic pattern of the grids, that the glabrous - and pubescent-
legume populations intergrade, or that most of' the characters have little 
taxonomic significance. 
The relative degree of association of the given characters with legume 
pubescence is presented graphically in Figure 9. The relative position 
of the solid circles (representing plants with pubescent legumes) and the 
open circles (representing plants with glabrous legumes) for each char-
acter was used in determining which characters might be useful in a 
species index. Characters 1, 5, 7 and 8 were selected along with 11 (the 
legume character). 
These five characters we re scored according to the schedule presented 
in the caption of Figure 10. The tabulation of the scores in the form of a 
. bar gr~ph (Fig. 10) shows that 50% of the plants with glabrous legumes 
have a score of zero , and that 41% of the plants with pubescent legumes 
have a score of five (the highest possible score). The remaining plants 
have intermediate values. This summation demonstrates again that most 
of the plants studied are intermediate between a conceptual Y.. ame ricana 
and Y.. californica. 
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Figure 8. A character summation of individual plants with either pubes-
cent or glabrous legumes. (A summary of Figure 7 ). 
The solid bars represent plants with pubescent legumes. The 
open bars represent plants with glabrous legumes. The black 
squares represent characters usually attributed to Vicia 
californica. 
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Figure 9. T e n charact e rs commonly associate d with y. californica 
plotted against the pe rcent of individuals possessing these 
characters . 
The solid circles represent plants w itb. pubescent legumes. 
The open circles represent plants with glabrous legumes. 
190 
::> 
0 
so 
40 
- 30 
0 
f- 20 
0:: 10 
CHARLES R. GUNN 
S C 0 R E 
Figure 10 . Specie s index of five characters selected as being u seful in 
distinguishing Vicia californica from V. americana . 
V . californica (pubescent leg umes) is represeirted by the solid bars. 
V . americana (glabrous leg umes) is repr esented by the bpen bars . 
Score : Upper five internodes zigzag 
L e aflet pubescent (both sides) 
Leaflet hair l e n g th 
L eaflet thickness and ri g idit y 
L egume pubes c e nc e 
yes -1 
no - 0 
vi llous - 1 
pubes cent to g l abrous - 0 
0 . S·mm-1 
0 . 1 - 0 . 4 mm - 0 
thick or stiff-1 
thin or pliable - 0 
pubescent -I 
g labrous - 0 
Habitat and distribution. Vetches e xhibiting phenotypes gene rally 
assigned to Y..· c;ali fornica are usua lly found on o pen- to - shaded slopes , 
circa 2000 to 80 00 feet e l evation , ge n e rall y associated w ith the Montane 
Conife rous Forest or the Mixed E ve rgreen F ores t. The l o cati ons of y . 
californica stations, Figure 11, repres ented by the solid circ l e s are 
conc e ntrated in three areas . The largest a r e a , from southern California 
to adjace nt Or egon, contains plants forming the darkest portions of the 
pubescent - legume gr id (F ig . 7). In northern Oregon and Washington and 
in Arizona there ar e s cattered stations of plants with pubescent legume s . 
These plants exhibit a mosaic b la ck and wh ite pattern on the grid , simi -
lar t o the patt e rn exhibit ed by th e plants w ith g labrous l egume s. The 
open cir .cles r ep r e sent Y.. · americana (plants with g la b ro us l egumes ) 
stations. Y..· am e ricana i s found in and beyond the range of Y.. · californica . 
Y.. · americana may also b e fou nd in the same habitat as Y.. · californica , 
a s we ll as in other habitats . 
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F igure 11 . The distribution of 
Vicia americana complex 
members with pubescent 
and glabr ous legumes in 
Arizona, California, 
Or egon, and Washington. 
The solid circles represent 
plants with pubescent 
l egumes (,Y._. californica). 
The open circles r e present 
plants with glabrous 
l egum es (Y.· americana). 
Insert A r e lates this distri-
bution to the mountains of 
the 4- state area. 
In Figure i 1, insert A, the three areas e n ci rcled by th e b r oken lines 
compose the bulk of the Y._ . californica ran ge . The h e a vier br oke n line 
depicts the r egion where the Y._ . californica phenotype is fully exhibited. 
The areas within the light e r b r oken lines ar e the a reas whe re mo st of 
the plants w ith an affinit y to y_ . californica may b e found outside the 
California-southern Or egon region. 
Uniform garden. A live plant from F e rn Va lley , Riversi d e County, 
California (Gunn 2631) was planted in the uniform garden, Ames , Iowa. 
Plants in the Fern Valley colon y possessed many of the Y._. californica 
characters. A ye ar late r the plant w as photographed alongside the plant 
(collected the preceding yea r) w hich g re w n e arest to it in the field (Fig. 
12). N either plant w as in bloom at the time of collection. The prominent 
diffe renc e betwee n the two specimens is the pr e sence of the zigzag upper 
internode c ondition in the uniform- garden-grow n plant, which is absent 
from plants growing in th e ir nati ve habitat. 
Progeny test. Ten se e ds, c o lle cted along w ith th e parent plant by 
Mr. and Mrs . R. Smith from th e F e rn Vall Q! y station, we r e p lant e d and 
g rown in th e gree nhouse . None of the siblings bloon1e d. Vegetati\-ely , 
the siblings we r e identical to the parent. o n e of th e siblings o r parents 
exhibited the zigz ag condition of the upper int e rnodes. 
Taxonomic disposition 
Plants w ith pubesc e nt l egun1es o r other characters attributed t o Vicia 
californica are included under V . arn e ricana \-ar. an1ericana for the fol-
low ing r easons . 
l. The tw o taxa int e r g rade to an e xtent \\·hich makes identificati o n of 
e ithe r taxon t e nuous in all e .s:c e pt th e extr e n 1e phenotypes . 
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Figure 12. Plant grown in the uniform garden compared with a field 
collected plant. 
Left, the uniform garden plant grown at Ames, Iowa (Gunn 2631). 
Right, field specimen collected from the colony which yielded the 
uniform garden rhizome (Gunn 2631 ). 
The scale divisions are marked off in decimeters. 
2. Vicia californica is neither geographically nor ecologically isolated 
from Vicia americana var. americana. 
Analysis of Narrow- and Broad-Leaflet Members 
of the Vicia americana Complex 
Interpretation of previous treatments 
The variations in leaflet shape (Fig. 13) in Vicia americana s. 1. has 
intrigued taxonomists since the western expeditions of Thomas Nuttall. 
Nuttall' s western collecting trips, described by Pennell ( 1936 ), produced 
several species referable to this group; viz ., Lathyrus dissitifolia Nut -
tall, Lath y rus linearis Nuttall, Orobus diffusus Nuttall, y. oregana Nut -
tall, Y. · spar sifolia Torrey and Gray, and y. truncata Nuttall. These 
and other t a x a, though sharing the floral and reproductive characters of 
Y.. american a, ar e primarily differentiated from it on vegetative differ-
ences , espe c ially leaflet characters. 
Taxonomi s ts have been consistent in designating plants of y. ameri-
~ east oftheMissouri River as varietyamericana. West of this river 
plants with narrow leaflets are usually given varietal rank, or are treated 
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Figure 13. Examples of leaflet variation among individual plants in the 
Vicia americana complex. 
as separate species. Broad-leaflet y. americana plants west of the 
Missouri River with truncate leaflets hav e been designated in recent ye ars 
as variety truncata or relegated to variety americana. Variety oregana, 
w hich has not had as wide an acc e ptance as var iety truncata, is generally 
applied to western v. americana plants that are mor e or less pubescent. 
Hermann ( 1960) ~sed leaflet variations as "ke y characters" for five 
y. americana varieties. Variety minor possess es thick leaflets, '.'nar-
row (1 to 4 mm), linear to narrow ly oblong, apex rounded or truncate, 
entire." Varieties americana, oregana, truncata, and villo sa possess 
broader leaflets {4-14 mm). Variety villosa (y. californica) is discussed 
in the preceding pages. The three remaining varieties with thin leaflets 
are circumscribed by Dr. Hermann as follows: variety americana, 
" apex of leaflets rounded, entire;" variety oregana, "apex of leaflets 
rounded to more or less emarginate, occasionally denticulate;" and 
variety truncata, "apex of leaflets truncate and emarginate, usually also 
denticulate. " 
In his variety range maps Hermann { 1960) indicates that variety 
americana can be found nearly throughout the range of the species. With 
few exceptions varieties minor and truncata occur west of the Missouri 
River, and variety oregana is limited to Califo rnia and Oregon, with a 
station in Idaho and two stations in Utah. 
Dr. Hermann designates all material with leaflets less than 4 mm 
broad as variety minor. He and other authors consider variety pallida 
Suksdorf from Klickitat County, Washington, as a synonym of variety 
minor. Vicia acicularis Greene, also from Klickitat County , Washington, 
is not mentioned by H e rmann. By adopting his criterion, th is species 
also would be a synonym of variety minor. 
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Analysis of h e r bari un-1 specime ns 
The n-1ain p ortion of the No rth A m erican range of Vicia ame ricana 
w a s di vid e d ar bit r a ril y into equal qua d rats . Th e quadrats we r e made 
appr oxi m at e l y 11 8 m i les on a side , and e ach quadrat w as numbe red (Fi g . 
1-l ) . 
Ei ght characters c omm o nl y em ploye d in de limiting Vi cia americana 
varietie s we r e us e d in th e constru cti on of po l y g ona l g raphs . Each poly -
g on (Fig . 15) r epres e nts information o btaine d from at l e ast two indi viduals 
or population sample s w ithin the quadrat ar e a . Only one sampl e w as 
a vailable in e ach of q uadrats 11 9 , 121, 144 , 212 , 214 , and 229. 
Two ba s ic p o l ygon al patt e rn s ar e d i s c e rnible . The smalle r angular 
polyg ons, we st of the M iss ou r i Rive r and e ast of the C ontinental Di vid e , 
r e pre s e nt one t y p e . T h e othe r t y pe , ge n e rall y e ast of the M is sou ri Rive r 
and w est of th e C ontine n tal Di vi d e, i s lar ge r and t e nds to be l ess angular . 
The transition b e t wee n these two t y p e s is m o r e abrupt along the Missouri 
Ri ve r line than in th e mounta in s tat es . 
Nine ty h e rbari um s p ecim e n s w ith sufficient habi tat information we r e 
s e l e cte d at r andom f r orn the No rth Ame rican range , ind e pend e ntly fr om 
the q u adrat s t udy . Si x of the e i ght cha r act e rs u s ed in th e poly g onal g raph 
c o nstru cti on we r e se l e cte d fo r a c o rr e l a ti on t e st w ith a habitat characte r . 
Habitat s , as n o t e d b y th e c o lle ct o rs , we r e p r o g rammed as follows : dry -
ope n, o p e n, dr y - s hade, m o ist - o p e n, and mo i st - shade . In Tabl e 3 habitat 
is 1, p l ant h e i ght i s 2 , l e afle t l e n g th / w idth rati o is 3 , l eaflet thickne ss is 
4 , te ndril s egme n t is 5 , fl owe r n un1be r pe r race m e is 6 , and l e ngth of 
the standard is 7 . L eafl e t - mar gin and l e afle t - apex cha racters wer e omit -
t e d. It se e ms pr o ba ble that th e s e two characte rs w oul d not c ontribut e to 
the analy sis b e ca use of t h e ir e rrat ic di s p e rsal in th e polyg ons . 
Table 3 . Th e c or r e la ti on c oeff icie nt s of s ix phe n otypic cha r acte rs and 
one habitat characte r in th e V icia ame ricana compl ex. 
1 
2 
3 
4 
5 
6 
7 
+. 33':":,a 
- . 7 2 ':":' 
+. 57 ':":' 
+. 59 ':' ~' 
+. 43 ,:, ,:, 
- . 19 
2 
-. 3 3,:":' 
+. 40 ':,,:, 
+. 4Q ,;:;;: 
+. 4 3,:,,:, 
+. 2 1,:, b 
3 
-. 58':";' 
- • 63':":' 
- . 4 3 ':":' 
+. 21 ':' 
+. 60 ':":' 
+. 4 2':":' 
- . 17 ':' 
a ,:":' s i gnificant at the l p e rc e nt l eve l. 
b,:, signi ficant at the 5 p e rc e nt l e ve 1. 
5 
+. 49':":' 
- • 3 2 ':":' 
6 7 
- 11 
T he re a ppe ars a r e al relationship a m ong fi v e of the phenotypic char -
acte r s a nd the habitat character . The l e ngth of the standard does not 
corr e late with th e ha bitat character. By using Tabl e 3 one i s able to 
ge n e rali ze that in m oist habitats (c om pared with d r y habitats) V . 
ame ricana plants t end to b e ta ller; p o s se ss thin, b r oade r l eaflets; ha ve 
ramose t e ndril s ; a nd ha ve s eve ral (m o r e than 4) flowers per raceme . 
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Figure 14 . Division of the main portions of the distributional area of 
V ici a ame ricana ~· !..: into e qual - area quad rats. Each quad rat is 
about 11 8 mi l es on a side. Measurements of mo r phological charac -
ters for all indi viduals studied within a quad rat were gathe red into 
''quadrat means'' for translation into po l ygons. 
Figure 15. Polygonal graphs depicting va riation i n e i ght cha r acte r s of 
putative usefu lness in delimiting varieties in Vicia americana ~· 1. 
The arms are numbered clockwise from 1 to 8 . The nod es are 
numbered from the axis out. 
1. Height (4 nod es) 20 , 30 , 40 , 50+ cm . 
2 . Leaflet l e n gt h / width ratio (4 nodes) 10 , 8 , 6, 4 , 2 . 
3 . L e aflet apex (3 nodes) pc,inted , r ounded , truncated . 
4 . L eafl et tee th (3 nod es) absent, trace , present. 
5 . L eaflet thickness (3 nodes) t hick , stiff , thi n. 
6 . Tendril segments (3 nodes) 1 , 2 , 3+ . 
7. Flowers per raceme (4 nodes) 2, 4, 6, 8+ . 
8 . Standa rd l ength (3 nodes) 25 , 20 , 1 5 mm . 
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Figure 16. The distribution 
of Vicia americana var . 
minor in North America. 
The solid circles r epresent 
y. americana var. minor 
stations. The open circles 
repr e sent contiguous Y... 
ameri cana var. ame ricana 
stations. 
Two y. americana var. 
minor stations in the 
Northwest T e rritories are 
not shown on this map. 
This conceptual phenotype is reflected in all the polygons except those in 
the short-grass prairie region (Fig. 15 ). This same analysis may be 
us ed to formulate the conceptual dry-region phenotype which corres -
ponds to the polygons of the short-grass prairie region (Fig. 15). These 
correlating characters were used in classifying more than 2000 herba-
rium sheets. 
Figure 16 illustrates the distribution of the short plants (less than 35 
cm) bearing thick leaflets, 3-4 flowers, and tendrils with 1 or 2 segments. 
For convenience , plants with this phenotype w ill be called variety minor, 
and taller plants with thin, broader leaflets will be designated variety 
americana. The solid circles (Fig. 16) represent the distribution of y. 
americana var. minor. Contiguous stations of Y... americana var. ameri-
~ are shown by the open circles. 
The enclave of variety americana in weste rn South Dakota, quadrats 
104 and 115, shows up in the polygons as well as in the distribution map. 
This area, the Black Hills, has conditions that are suitable for variety 
americana, not for variety minor. 
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The overlappin g of the two varieties in the mountain states, Montana, 
Wyoming , Colorado, and N e w Mexico, w h e r e both habitats inte r d i gitate , 
is reflecte d by the g radual change in the p o lygons. As one p ro ce e ds 
westward, the polygons become larger and less angular as more varie ty 
americana plants are included in the sample s. 
On the eastern side of the vari e ty minor range , the habitat chang e is 
abrupt. For example the dry-loess conditions of the I owa loe ss bluffs 
provide a suitable habitat for variety minor east of the Missouri River. 
Variety americana is not f ound on the lo e ss bluffs, b e ing res t ricte d to 
the tall-grass prairie and othe r more moist habitats. 
Hermann ( 1960 ), J e pson ( 1951 ), Munz ( 1959), and oth e r author s have 
used a single criterion (le aflet w idth) for d e limiting vari ety m inor. By 
employing correlated ph e n ot ypic characters and a habitat characte r, it 
has been possible to circumscribe variety mino r w ith a g reater d e gr e e 
of logic and precision than the se and othe r authors have been able to do. 
This has resulted in the e x clu sion of narrow -le a fle t plants we st of the 
l l 2th parallel and east of t he 97th paralle l fr om thi s v a r i ety. 
E x amples of plants with narr ow leaflets (le ngth / width ratios o f 10 or 
mor e ) not included in variety mino r ar e listed i n Table 4 . The y a r e not 
included in variety minor fo r the r easons given in t h es e e x amp le s. 
The E. 0. Wooton specimen f r om New Mexico, Dona Ana co., i s ove r 
60 cm in length, with thin l e afle ts and we ll-deve l o ped tendril s . T he E. 
P. Sheldon (Oregon, Multnomah C o.) spe cime n is o ve r 5 5 cm in l e n gth, 
with thin leaflets and 6 fl owers per race m e . The Suksdorf 2013 s p e ci-
men from Washington, Klickitat Co. is 4 0 cm in l e n gth, w ith 5 flowe rs 
per raceme, and the Suksdorf 2111 (Washington, Klickitat C o .) spe cime n 
is 50 cm in length, leaflets dimorphic (narrow b e low, broad abo ve ) and 
tendrils well-developed. Leaflet dimorphism has b e en obs erve d in Cali-
fornia, Colorado, Idaho, Iow a, New Mexico, Oregon, Washin gt on, and 
Wyoming colonies. An Iow a colony whose members exhibite d l eafl e t di-
morphism is discussed under mass collections. 
The broad-leaflet plants possess phenotypic variations that do not 
correlate with habitat or geography. The polygons (Fig. 15) are similar 
within and betw een the easte rn and western portions of the range. Gen-
erally plants east of Illinois and Wisconsin tend to be uniform. Plants 
collected from Illinois and Wisconsin to the Missouri River (e xcept the 
lo e s s bluffs of Iowa) tend to exhibit leaflets with an occasional tooth and 
truncate apex. In Iowa collections Vicia americana specimens may 
possess leaflets with truncate and rounded apices on th e same individual. 
This same condition exists in the presence of absence of t e eth. Broad-
leaflet Vicia americana plants west of the Missouri River tend to have 
more truncate leaflet populations that are toothed. Intermixed w ithin 
these regions, however, are colonies w ith rounded, entire leaflets. 
Examples of y_. americana with large leaflets (35 mm long or longer 
and 10 mm w ide or wider) are listed in Table 5. These plants, collected 
in shaded, moist areas, have thin leaflets. They are found throughout 
the range of Y.· americana whe rever the habitat is suitable. 
Stem length varied in clones grown in the greenhouse and growth 
chamber. Clonal divisions w ere five or more times as tall when grown 
in the shade, as their counterpart grown in w ell-lighted areas. Herba-
rium specimens of circa 100 cm or more have been collected in shaded, 
moist areas. The shortest plants generally are found in dry, open areas. 
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Table 4 . Vicia americana specimens with leaflets 35 mm long or longer 
and 5 mm or less in width . 
Collecto r, Number , Date 
J. C. Bl umer , Oct. 4, 190 9 
C. F. Baker 678, Ap r il 24 , 1902 
A . & R. A . Ne lson 4594, June 1941 
E. O. Wooton , Aug . 16, 1895 
Stat e , Station , Herbarium 
Ariz. , Rincon Mts. (F) 
Calif. , Santa Clara Co . 
(GH,POM) 
Colo . , Huerfano Co . (RM) 
N. M ., D ona Ana Co . (PO M) 
Length / 
Width 
(mm) 
37 / 2 
45 / 4 
40 / 4 
38 / 5 
O . B . Metcalfe 464, Aug. 1903 
K. Whited 1119, April 22, 1924 
E . Hall , 1 871 
. M ., S ocorro Co . (RM) 35 / 2 
Ore . , H oo d River (ISC) 42 / 1 
Or e . , Silver Cr e ek (F) 50 / 4 
E . P . Sh e ldon, July 2 8 , 1902 Ore . , Multnomah Co . (F, GH) 42 / 4 
C . R. Gunn 2 7 50, June 6, 196 3 Or e . , Was co Co . (ISC) 
J. Sandber g ~.§:..! . 308 , June 1 8 93 Wash . , Douglas Co. (F) 
W. N. Suksdorf 2013 , May 8 , 189 la Wash . , Klickitat Co . (WSP) 
W. N. Suksdorf 2 111, May 21, 1892 b Wash ., Klickitat Co . (WSP) 
A. D . E. Elmer 2650, June 1896 Wash., Whitman Co . (WSP) 
aSyntype of Vicia acicularis Greene . 
bHolotype of Vicia ameri cana var. pallida S uksdorf . 
40 / 5 
4 1/ 3 
40 I i. 5 
35 / 2 
55 / 5 
Table 5 . Vicia americana specimens with leaflets 35 mm long o r l onger 
and l 0 mm or mor e in width . 
C o llector, Number , Date 
A . & R . A . Nelson 4 17 4, 
Aug . 17, 1939 
I. Tide strorn 9983 , June 1 6, 1 9 1 9 
J . A . Clark 112, Ju l y 13, 1911 
O. E. Lansin g , Jr ., June 18, 1 902 
D . D. Keck & F . G . Hills, 
June 4, 18 9 8 
State , County, He rbarium 
L e ngth/ 
Width 
(mm) 
Alaska , Curry (GH, ISC, RM) 37 / 11 
Calif., In yo Co . (F) 
I daho , Boise Co . (RM) 
Ill. , Cook Co . (F) 
N . Y . , C he nango C o . (CS) 
38 / 10 
35 / 1 5 
37 / 11 
40 / 13 
G . E . Garton 147-l , July 23,195 1 Ont., Thunde r Bay Dist . (RM)3 5/ 1 5 
A . C . M cintosh 10 8 1, A ug . l.f, 1928 S . D ., G e rry P eak (RM) 35 / 1 5 
A . Nelson 3 916, Aug . 8 , 189 7 Wyo . , Albany Co . (R M ) 3 6/ 14 
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Table 6 . Analysis of six mass collections of' Vicia americana var. americana and var. minor. 
Source Plant characters!!! 
10 11 12 13 14 
var. minor 32 33/23 12 15/2 16 6 .o 
Gunn,25S2 29 38/31 12 18/2 18 5.5 
Colfax Co., 33 36/30 12 17/2 15 5 . 5 
New Mexico 35 50/23 12 26/3 16 6.o 
37 38/35 12 17/2 15 6 . o 
var. minor 34 42/45 10 32/2. 5 15 6 .o 
Gunn,25b§ 32 10 23/2 
Saline Co., 30 10 26/i.5 
Nebraska 28 10 23/2.5 
20 10 30/2 
var. minor 30 'ZT/31 24/3 18 7 . 6 
Gunn, 2570 20 27/33 25/4 17 6 . 5 
Filmore Co. , 15 28/38 18/4 18 8 .o 
Nebraska 20 25/32 16/3 17 6 . 5 
19 25/30 16/3 19 7.5 
var. americana 45 74/45 11 32/4 19 8.o 
Gunn,~ 34 50/72 13 25/3 17 6.5 
Yavipai Co., 34 57/47 10 22/3 16 7.0 
Arizona 32 60/47 10 26/2 19 8.5 
49 45/83 11 25/3 16 7.0 
var. americana 49 79/45 13 12/9 15 5 .0 
Gunn,~ 36 46/42 12 12/6 18 7.0 
Riverside Co., 36 75/67 11 13/6 18 6. 5 
California 42 63/63 12 13/8 18 5 . 5 
35 46/33 12 11/7 16 6 .o 
var. americana 8o 10 18/6 
Gunn,~ 69 10 20/5 
Osceola Co., 64 10 17/4 
Iowa 8o 10 18/6 
84 10 15/6 
~I i. Plant height recorded in centimeters. 
2. Zigz98 condition of the uppe r five internodes. Scored: l=zigz98, 2=slightly zigz98, 
3=not zigz98. 
3. Leaf length and peduncle length in millimeters. 
4. Leaflets per leaf. 
5. Leaflet length-width in millimeters. 
6. Leaflet apex. Scored: l=pointed, 2=rounded, 3=truncate or emarginate. 
7. Leaflet margin. Scored: l=entire, 2=slightly toothed, 3=toothed. 
8. Pubescence of the lower surface of leaflets. Scored: l=pubescent, 2=scattered, 3=few, 
4=glabrous. 
9. Pubescence of the upper surface of leaflets. Scored: l=pubescent, 2=scattered, 3=few, 
4=glabrous . 
10. Leaflet thickness. Scored: l=thick, 2=stiff, 3=thin . 
11. Tendril segmento. Scored: l=l, 2=2, 3=3+. 
12. Flowers per raceme. 
13. Length of the standard in millimeters. 
14. Calyx lengt:: (base to apex of ventral tooth) in millimeters. 
15 . Ventral calyx tooth length in millimet ers. 
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15 
2.5 
1. 5 
1.5 
2.5 
2 . 0 
3.4 
2.5 
2.0 
3.0 
1.7 
3.0 
1.5 
1. 5 
1. 5 
2.0 
2.0 
1. 5 
1.1 
2.0 
1.3 
1.1 
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Mass collection observations 
S eve ral mass collections we r e made in Nebraska and New Mexico 
from Vicia americana var. minor colonies. Table 6 illustrates the phe-
notypic uniformity prevalent in these colonies . Live plants from four of 
thes e colonies were planted in the uniform garde n, Ames, Iowa. A year 
later specimens of these plants were photographed beside specimens 
collecte d the preceding year in the field. Figure 17 shows two of these 
sets of plants. None of the plants were in bloom at the time of collection. 
The uniform-garde n plants tended to be more branched than the field-
collected plants . Except for this difference both plant collections we re 
similar. Another live plant from the Saline County, Nebraska, colony 
(Gunn 2569) w as potted and grown in the g re enhouse for 2 years . The 
prominent difference between th is plant and the field-collected plants 
was the more branched aspect of the gree nhouse - grown plant. 
Mass collections of broad-leaflet plants were made in Iowa, Colorado, 
New Mexico, Arizona, California, Oregon , and Wyoming. Plants in these 
colonies we re slightly less uniform for the 15 characters than the variety 
minor collections (Table 6). Live plants from 11 of the broad-leaflet 
colonies we re planted and photographed a year later w ith a field-collected 
plant. Gunn 2556 from Osceola County , Iowa (Fig. 18), exhibited a leaf-
let dimorphism not seen in any of the other uniform garden collections. 
The uniform - ga rde n plant with its lower linear leaflets and broader upper 
leaflets is not unusual in the tall-grass prairie of Iowa. E x cept for the 
photographed plant, the mass-collection plants from this colony were all 
similar to the uniform - garden plant. This completely narrow -leaflet 
plant was unique in this colony and apparently rare in the tall - grass 
prairie colonies. The field and uniform - garden plants from Yamhill 
County, Or egon (Gunn 2746) are simi lar, as were the other field- uni -
form- garden collections . 
Progeny test 
Ten seeds from 10 broad-leaflet plants were used in prog eny tests 
conducted in the greenhouse. Non e of the siblings bloomed. Vegetatively, 
the siblings we r e similar to the parent. 
Taxonomic dis position 
Variety minor exhibits a phenotype adapted to the short - grass prairie 
habitat. The size of this habitat and its geographic continuity , as well 
as the genetically fixed characters, are sufficient reasons to recognize 
var iety minor . Variety americana is composed of various phenotypes. 
Trends may be discerned within this wide - ranging varie ty. Thes e trends 
are not sufficiently strong or distinct, however, to be given formal re-
cognition,. 
VARIATION IN VICIA AMERICA NA I N EASTERN ASIA 
Vetch collections from various parts of the world we re examined for 
taxa that might resemble members of the Vicia americana complex . 
This examination involved about 2000 sheets and some 60 to 70 species. 
A few species were fou nd from Mexican , European, and Asian collections 
which superficially resembl ed Y..· americana members. Upon a more 
Figure 17. Plants grown in the uniform garden compared with field collected plants. 
(The scale divisions are marked off in decimeters.) 
Left, the uniform-garden plant grown at Left, th e uniform-garden plant grown at 
Ames, Iowa (Gunn 2569). Ames, Iowa (Gunn 2583). Right, field-
Right, fi e ld colle cte d specime n collecte d collecte d s p e cimen colle cted from the 
from the colony which yi e lde d the uniform colony which yielded the uniform-garden 
garde n rhi z ome (Gunn 2569, Salina Co., rhizom e (Gunn 2583, Colfax Co., N e w 
Ne braska) . M e xico). 
N 
0 
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Figure 18 . Plant s grown in th e uniform - garden compared with field - collected plants . 
(Th e scal e divisions are nl.ark ed oH in decim.et ers) . 
Left, the uniform - garden plant grown at L eft, the uniform - garde n plant g rown at 
Ames , Iowa (Gunn 2556) . Ri ght, fie ld - Ames, Iowa (Gunn 2746) . Ri ght, field -
co lle ctc d specimen coll ec t e d fronl. th e coll ec t e d specimen co llected from th e 
co lon y w hi ch y i e ld e d th e uniform - gard e n colony which yielded the uniforrn - ga rd e n 
rhi zome (G unn 2 '.:>56 , O sceola Co . , Iowa). rhi zome (Gunn 2746, Yarn.hill C o . , -Or e . ). 
N 
0 
N 
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critical appraisal the Mexican species, Y.· mexicana Hemsl., (discussed 
in the " G eographical and Morphological Limits " section) and the European 
species, y. sylvatica L . non Nutt. 1, we r e excluded. 
A sheet of y. tridentata (at the time unnamed), found among the un-
classified Vicia in the Chicago Natural History Museum Herbarium, by 
appearance could have come from a short-grass prairie station in North 
America . When additional sheets became available, a survey of charac-
ters was undertaken. In addition to the external similarities, Y.· triden-
tata and Y.· americana share these characters: the same average number 
of seeds per legume, the same hilum-seed circumference ratio, and 
the same type of leaflet g land. 
T wenty-nine individual collections of y . tridentata were obtained on 
loan. Thes e specimens constitute my first-hand knowledge of this spe-
cies. Additional information was gleaned from the literature and through 
corresponde nce with two Japanese taxonomists. 
The 29 eastern Asia specimens were compared with 29 specimens of 
Y.· americana . selected at random from the complete North American 
range, and with 29 Y.· americana specimens selected at random between 
the 1 OOth and 108th paralle ls in North America. The latter comparison 
w as made since the eastern Asia species appeared to resemble the mid-
Ame rican segment of the complex more closely than it did the whole 
complex. 
Figure 19 illustrates the range (the length of the bar) and the mean 
(the apex of the triangle) for 14 characters ·used to c ompar-e the three 
sets of sheets. The means of the eastern Asia species usually occur 
near to or between the means of the two North American groups. In 3 o f 
the 14 characters, the mean of the -::!_. tridentata falls beyond the other 
two means. Two of 3 characters involve the perianth; the standard and 
calyx being longe r in the eastern Asia plants. North American plants 
occasionally bear standards 25 mm long, though none were present in 
the ra!ldom samples. 
In addition to these 14 characters, other characters may be employed 
to demonstrate that a relationship exists between Y. . americana and Y. . 
tridentata. Both species have populations bearing white or golden hairs 
on the vegetative parts. The united portion of the filaments in both spe -
cies is either white or chestnut brown. 
1 Nuttall misapplied the name Y.· sylvatica to a member of the Y.· ameri-
~ complex. Nuttall (1 818) was not proposing y. sylvatica as a new 
species since there is no asterisk associated with the name. Nuttall's 
misapplication of y. sylvatica to a member of the Y.· ame ricana complex 
is understandable w h e n one considers the available literature and the 
type specimen of Y.· sylvatica L. Tor r ey and Gray (1838) state that y. 
americana and y. sylvatica L. are similar. Superficially, these two taxa 
do resemble e ach other. I have shown that y. americana s. 1. has a 
hilum-seed circumference ratio of circa 25%. y. sylvatica has a hilum-
seed circumference ratio of 75%. Y.· americana s. l. has from 2-10 
flowers per raceme, while V. sylvatica has 10-15 flowers per raceme. 
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Figure 19. Comparison of Vicia americana and Vicia tridentata. 
The means (apex of the triangles) and ranges (length of the bars) for 
14 characters . The first bar in each triplet represents y. americana 
selected at random from its complete North American rang e . The 
second bar represents y. tridentata of eastern Asia. The third bar 
represents y. americana selected at random from only that part of 
the North American range between the 1 OOth and 108th paralle ls. 
Each bar is based on data from 29 specimens. 
A. Plant height, measured: 10-120 cm. 
B. Zigzag condition of the upper 5 internodes, scored: 1-3. 
C. Leaflets per leaf, counted: 4-14. 
D. Leaflet apices, scored: 1-4. 
E. Leaflet length-width ratio, calculated: 1. 1-12. 
F. Leaflet pubescence, scored: 1-3. 
G. Tendril ramification, scored: 1-3. 
H. Peduncle - subtending leaf length ratio, scored: 1-3. 
I. Flowers per raceme, counted: 2-10. 
J. Length of the standard, measured: 12-25 mm. 
K. Calyx length, measured: 4-9 mm. 
L. Legume pubescence, scored: 1-3. (All 1.) 
M. Ovule number, counted: 9-12. 
N. Hilum-seed circumference ratio, calculated: 24-28%. 
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Figure 20. The geographical distribution of Vicia americana s. 1. in 
eastern Asia. The solid circles represent locations taken 
from herbarium sheets. The open circles represent loca-
tions copied from a letter from Dr. J. Ohwi. 
Dr. Ohwi 1 noted that y_. tridentata "is very distinct, and no species 
allied to it is known to occur in the area e astern Asia." Dr. Kitagawa2 , 
who had s ee n this plant in the field, has found it generally along road-
sides, in waste places, or in moist places. His description supports the 
data from the 2 9 cited her barium sheets. 
For bes and Hemsley ( 1887), Handel-Manzzetti ( 1933 ), and Leveille 
(1916) presented an eastern Asia distribution similar to the one given in 
Figure 20. Steward ( 1958), in treating the vetches of the lower Yangtze 
valley , stated that the habitat was grasslands . His description based on 
the key to the species agrees w ith the information I gathered. 
This taxon is presented in the Taxonomic Synopsis as a member of 
V. americana complex for these reasons: 
1, y. tridentata is phenotypically similar to V. americana. 
2. y_. tridentata appears to occupy the same ecological niche in 
e ast e rn Asia as y. americana occupies in North America. 
1 Dr. Jisaburo Ohwi, The National Science Museum, Ue no Park, Tokyo, 
Japan. Personal corres pondenc e concerning y. bungei. Nov. 7, 1964. 
z Dr. Masao Jutagawa, Biological Institute, Yokahoma National Univer-
sity, Yukinosita 929, Kamakura, Japan. P ersonal correspondence con-
cerning y. bungei Nov. 19, 1964. 
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TAXONOMICSYNOPSIB 
On the basis of evidence presented, Vicia americana is considered to 
consist of three varieties, viz., americana, minor, and sinensis. The 
following key may be used to identify these varieties. 
l. Ovary with numerous golden trichomes along the sutures, the 
valve area glabrous; plant of eastern Asia. • . . . . . • . 
. . . . . . . . . . . . . . . . . . y. americana var. sinensis 
l. Ovary glabrous or if pubescent, hairs on both the valve area 
and sutures, or only scattered along the sutures ; plants of 
North America. 
2. Flowers 3-4(-5) per raceme ; plants seldom over 35 cm in 
length, usually not vining (the tendrils nonramose or slightly 
bifid or trifid); plants mostly of open- or short-grass 
prairie habitats, primarily of middle America. • • • . . 
. . . . . . . . . . . . . . . . . y. americana var. minor 
2. Flowers usually 5-9 per raceme; plants usually 40 cm in 
length or longer, vining (the t e ndri l s ramos e with 3 or more 
well-developed segments); plants mostly of shaded or moist 
habitats, primarily of e astern and far w estern America. . 
y. americana var. americana 
The procedure of Isely (1962) w as used to indicate the basis for in-
clusion of synonyms for each taxon. The numbers following each citation 
are defined as follows: 
1. Type specimen, fragment of type, or photograph of type 
examined. 
2. Interpretation of name based on the original description. 
1. VICIA AMERICANA VAR. AMERICANA 
y. americana Muhl. ex Willd. Sp. Pl. i(2):1096 (1802). Abacosa 
americana (Willd. ) Ale£. Bonplandia .2_: 104 ( 1861 ). Holotype B ( 1 ). 
Orobus diffusus Nutt. Fras. Cat. (1813) reprinted in Pittonia 2:118 
~O). Lathyrus diffusus (Nutt.) Don Gen. Hist. Pl. ~:336 
(1832) (2). 
y. sylvatica of Nutt. G e n. '!:._:97 (1818) non L. (Incorrectly attributed 
to Nuttall by subsequent authors.) 
y. oregana Nutt. in T. & G. Fl. N. Am. y_. americana var. oregana 
(Nutt.) Nelson in Coult. & Nels. _ Bot. Rocky Mts. 301 (1909). 
y. americana ssp. oregana (Nuttall) Abrams Fl. Pac. States~: 
617 (1944). Holotype BM, isotypes GH and PH (1). 
y. truncata Nutt. in T. & G. Fl. N. Am . .!_:270 (1838). Y .. : americana 
var. truncata (Nutt.) Brewer in Brew er and Wats. Bot. of Cal. 
.!_:158 (1876). Holotype BM, isotypes GH and PH (1). 
v. truncata -~ar. villosa Kellogg Proc. Cal. Acad. Sci. 1:57 (1854). 
- y. americana var. villosa (Kellogg) H e rmann USDA Agric. Handb. 
168,83 (1960). Placerville, California (2). 
y. californica Greene Fr. 3 (1891). Holotype and fragment ND (1). 
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V. arnericana var. pallida Suksd. in Leimbach Deutsch. Bot. Monats • 
.!.§(2):26 (1900). Holotype WSP, isotypes F and GH (1). 
y. durbrowii Eastw. Bull. Torr. Bot. Club 32( 4):196 ( 1905 ). 
Holotype and fragment CAS ( 1 ). 
y. copelandii Eastw. Bull. Torr. Bot. Club 32(4):197 (1905). 
Holotype CAS ( 1 ). 
y. purnila Heller Muhl. ~(1):88 (1905). Holotype NY, isotypes F, GH, 
!SC, and US ( 1 ). 
y. washingtonensis Suksd. West Arner. Sci. _!2( 130):59 ( 1906). 
Holotype WSP, isotypes F, GH, and !SC ( 1 ). 
y. hypolasia Greene Leafl. ~:268 ( 1912 ). Syntypes F, !SC, RM, and 
us ( 1 ). 
y. acicularis Greene Leafl. ~:268 (1912). Syntypes US and WSP (1), 
y. perangusta Greene Leafl. ~:267 (1912). Syntype US (1). 
y. perangusta var. latius cula Greene Leafl. ~:268 ( 1912). Syntype 
us ( 1 ). 
y. vexillaris Greene Leafl. ~:269 {1912). I. T. Worthley, 1896, 
Big Horn Co., Wy. (2). 
V. californica var. rnadrensis Jepson Fl. Cal. ~:386 (1936). 
Holotype ~PS ( 1 ). 
Description 
Plant vining, usually exceeding 40 cm in length. Leaflets usually 
more than 4 mm wide (if narrower, the length is 30 mm or more), non-
coriaceous, bearing thin, branched veins. Tendril rarnos.e with seve ral 
segments. Racemes usually 5-9 flowered. 
Range 
North America: Quebec to Alaska, south to Virginia , Indiana, M is -
souri, Mexico, and California (Figs. 5 and 16). 
Habitat and phenology 
Open deciduous forests, tall- grass prairies, b rushlands , pine forests, 
stream banks and alluvium, railroad and road right-of- ways, fence rows, 
margins of fields, disturbed soil, without apparent soil , rock or elevation 
preference. Limited to the microtherrnal region as defined by Thorn-
thwaite (1931), Flowering May to July, fruiting June to August. 
Re pres entati ve specimens examined 
CANADA: Alberta: Beaverlodge Dist., E. C. Stacey 71, 1926 · (GH); 
British Columbia: Vancouver Island, W.R. Carter, May 27, 1914 (GH) ; 
Manitoba: Riding Mountain National Park, E. Scarnrnan 2914, August 29-
September 2, 1914 (GH); Northwest Territories: Qu Appelle R i ver, J.M. 
Macoun 111, June 30, 1879 (F), Ontario: Thunder Bay Dis t. , C. E. Gar-
ton 1474, July 23, 1951 (RM); Quebec: Pounte au Pie, Bro. Marie-
Victorin 8364, June 26, 1918 (GH); Saskatchewan: Wallwort, A. J. Brei-
tung 605, June 30, 1940 (GH, !SC). . 
MEXICO: Chihuahua: Colonial Garcia, C.H. T. Townsend & C. M. 
Barber 4, June 1, 1899 (F,GH,MEXU,NY,POM,RM); Nuevo Leon: 
Monterrey: C. G. Pringle, June 16, 1888 (MEXU). 
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UNITED STATES: ? 969, ? (PH a Muhlenberg specimen which is 
sterile). Alaska: Hyder, J.P. Anderson 5438, June 28, 1939 (ISC); 
Arizona: Apache Co., W.W. Eggleston 17069, August 1926 (F,GH); Co-
chise Co., W. Stone 286, June 9, 1919 (POM, RM); California: Butte Co., 
A. A. Heller & H. E. Brown 5521, May 10, 1902 (F, GH, POM, RM); Glenn 
Co., A.A. Heller 11933, June 3, 1915 (AHUC,F,GH,NEB); Monterey Co., 
A. A. Heller 6819, May 13, 1903 (F, GH, !SC, POM); Nevada Co., A. A. 
Heller 1321 7, May 24, 1919 (AHUC, GH); Plumas Co., A. A. Heller 10857, 
June 13, 1913 (F, GH, RM); Riverside Co., C.R. Gunn 2632, May 29, 1963 
(!SC); San Bernardino Co., I. M. Clokey & E. M. Anderson 6677, June 5, 
1935 (F, POM, RM); San Mateo Co., A. A. Heller 8449, April 20, 1907 
(AHUC, F, GH, !SC); Santa Clara Co., C.R. Gunn 2642, May 30, 1963 
(ISC); Tuolumne Co., D. D. Keck 1212, June 6, 1931 (HG, POM); Colorado: 
Alamosa Co., F. Ramsley 14026, August 13, 1932 (RM); Garfield Co., 
F. J. Hermann 5374, July 29, 1933 (GH); Grand Co., C. L. & M. W. Porter 
9179, August 1, 1962 (RM); Gunnison Co., C. F. Baker 159, June 17, 1901 
(ND, POM, RM); Montezuma Co., C. F. Baker, F. S. Earle & S. M. Tracy 
31, June 22, 189 8 (F, GH, POM); Idaho: Bannock Co., R. J. Davis 62-34, 
May 13, 1934 (IDS, RM); Boise C~.A. Clark 112, July 13, 1911 (GH, 
POM, RM); Owyhee Co., R. J. Davis 2141, June 21, 1940 (IDS); Illinois: 
Lake Co., G.N. Jones 15174, June 3, 1942 (NEB); McHenry Co., J.A. 
Steyermark 64521, June 15, 1947; Indiana: Porter Co., C. C . Deam 
20059, June 1, 1916 (GH); St. Joseph C o., Bro. Fox. May 22, 1948 (DAV); 
Iowa: Green Co., C.R. Gunn 2844, September 12, 1963 (!SC); Hamilton 
Co., C.R. Gunn 2551, August 12, 1962 (!SC); Monona Co. , D. lsely 6114, 
May 16, 1952 (!SC); Osceola Co., C.R. Gunn 2555, August 26, 1962 (!SC); 
Story Co., C.R. Gunn 2827, June 20, 1963 (ISC); Kansas: Leavenworth 
Co., A.S. Hitchcock 665, 1896 (GH,RM); Michigan: Berrien Co., G.D. 
Fuller 12162, May 18, 1946 (F); Cheboygan Co., F.J. Hermann 1852, 
July 1, 1928 (F); Keweenaw Co., N. C. Fassett 20101, July 3,.1938 (F); 
Minnesota: Clearwater Co., D. Isely 6458, August 14, 1953 (!SC); Cook 
Co., C. O. Rosendahl & F. K. Butters 4568, July 3, 1924 (GH); Nicollet 
Co., C.A. Ballard, June 1892 (GH,RM); Nobles Co., J.W. Moore &R.M. 
Tryon Jr. 17 599, July 9, 1945 (RM) ; Missouri: Atchison Co., J. A. 
Steyermark 64361, May 20, 1947 (F); Jackson Co., B. F. Bush 82, May 27, 
1894 (GH, ND); Platte Co. , J. A. Steyermark 67 531, May 15, 1949 (F ); 
Montana: Broadwater Co., J. W. Blankenship, June 1901 (GH); Glacier 
Co., B., R., & C. B. Maguire 15538, July 4, 1934 (GH); Lake Co., C. L. 
Hitchcock 177 23, June 27, 1948 (RM); Nebraska: Cass Co., J.M. Bates, 
June 13, 1906 (GH,NEB) ; Nevada: Lincoln Co., L.N. Godding 923, May 
23, 1902 (GH, NEB, POM, RM); Mineral Co., A. M. Alexander & L. Kellogg 
3859, July 12, 1944 (GH, RM); Washoe Co., P. B. Kennedy 1854, May 30, 
1912 (AHUC, F, !SC, POM); White P ine Co., B. Ma~uire & R. J. Bechreht 
2675, June 16, 1933 (POM) ; New Jersey: Sussex Co., L. Griscom 95 85 , 
June 20, 1920 (GH); New Mexico: Colfax Co., C.R. Gunn 2582, May 25, 
1963 (!SC); Dona Ana Co., E. O. Wooton, August 16, 1895 (POM); Socorro 
Co., O. B. Metcalfe 278, July 20, 1903 (GH, POM, RM); New York: Cayuga 
Co., K.M. Weigand 6750, June 20, 1916 (GH) ; Tompkins Co., P.A. Munz 
787, July 26, 1916 (POM); North Dakota: Bottineau Co., F. J. Crider & 
M. D. Atkins 35a, July 4, 1947 (RM) ; Burleigh Co., F. J. Crider & M. D. 
Atkins 35, July 4, 1947 (RM); Ohio: Geauga Co., G. B. Asheraft, June 
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1897 (F,GH); Lucas Co., H . A . Young, June 25, 1883 (GH); Ottawa Co., 
E. L. Moseley, May 26, 1900 (F ); Oregon: C lackamas Co., J.C. Nelson 
2108, May 4, 1918 (GH); Columbia Co., G. R. Hyslop, June 25, 1935 (DAV); 
Curry Co., C. L. Hitchcock 19928, July 1, 1953 (DAV); Josephine Co., C. 
R. Gunn 2726, June 4, 1963 (ISC); Klamath Co., B. Maguire & A.H. Hom-
gren 26539, June 21, 1946 (GH); Wallowa Co., L. Constance, R. C. Rollins 
& L.A. Dillon 1555, May 14, 1936 (GH); Wasco Co., C.R. Gunn 2750, 
June 6, 1963 (ISC); Pennsylvania: Bradford Co., W. C. Barbour 651, May 
18, 1899 (GH, RM); Northampton Co., A. P. Garber, June 1870 (F); South 
Dakota: Lawrence Co., W. H. Over 16071, August 4, 1924 (RM); Me~ 
Co., P.A. Rydberg 641, June 28, 1892 (NEB, RM); Pennington C~., H. E. 
Hayward 972, 1927 (F); Utah: Cache Co., B. Maguire 3534, June 11, 1932 
(POM); Carbon Co., E. H. Graham 9612, July 11, 1935 (F, GH); Duchesne 
C o., B. F. Harrison & A . Niss on 8793, July 2, 1938 (IDS); Grand Co., E. 
B. & L.B. Payson 4094, July 31, 1924 (GH, RM); Juab Co., J. A. Harris 
C251l8, July 3, 1927 (GH); San Juan Co., A.H. Holmgren & S. Hansen 
3372, June 17, 1944 (GH); Virginia: Rockbridge Co., E. B. Bartram, May 
30, 1909 (GH); Smyth Co., J. K. Small, ? (F,GH) ; Washington: Asotin Co., 
A. Cronquist 5720, April 23, 1949 (GH); Chelan Co., C. L. Hitchcock 
17241, June 14, 1948 (RM) ; Garfield C o., C. L. Hitchcock & C. V. Muhlick 
8328, May 26, 1944 (GH, RM); Kittitas Co., J. W. Thompson 14770, June 
22, 1940 (GH) ; Klickitat Co., W.N. Suks dorf 2014, May 14, 1891 (F,GH, 
ISC); Lewis Co., A. A. & E.G. Heller 3951, June 16, 1898 (F, GH, NEB, 
POM, RM); Walla Walla Co., C. L. Hitchcock & C. V. Muhlick 8265, May 
24, 1944 (GH, RM); West Virginia: Greenbrier Co., F. W. Hunnewell 6722, 
July 3, 1920 (GH); Wisconsin: Bayfield Co., L. Griscom, June 13, 1928 
(GH); Door Co., N. C. Fassett 17374, June 16, 1933 (F',GH) ; Marquette 
Co., C. C. Wadmond & N. C. Fassett 17864, June 29, 1 935 (GH); Sawyer 
Co., E. M. & N. Gilbert, June-July 1943 (ISC); Wyoming: Carbon Co., 
C.R. Gunn 2812, June 9, 1963 (ISC); Crook Co., G. B. Ownbey 381, June 
10, 1938 (RM) ; Sweetwater Co., A. Nelson 3703, July 12 , 1897 (ND, RM); 
Teton Co., R. Pierson 1236, July 7, 1933 (RM). 
2. VICIA AMERICANA VAR. MINOR 
V. tridentata Schw. in Keating Narrative Exp. 2 :392 ( 1824). Rainy 
- Lake. Y.· keatingi Steud. Norn. Bot., 2nd ea: ~:764 (1841). Mis-
sissippi [River]. Y.· trifida Dietr. Syn. Pl. _!:112 (1847). Ervum 
tridentatum (Schw.) Alef. in Oest r. Bot. Zeit • .2_:363 ( 1859). 
Cracca tridentata (Schw.) Alef. Bonplandia .2_:119 (1816). Missis-
sippi [River J (2). 
y. americana var. minor Hooker Fl. Bor. Am . .!_: 157 ( 1831 ). S yntype 
K (1 ). 
y. sparsifolia Nutt. _ex T. & G. Fl. N. Am • .!_:270 (1 838 ). 
Holotype BM ( 1 ). 
Lathyrus linearis Nutt. in T. & G. Fl. N . Am . .!_:27 6 (1838). y. ameri-
~ var. linearis (Nutt.) Wats. Proc. Amer. Acad . ..!_l:l34 (1876). 
y. linearis (Nutt.) Greene Fl. Fr. 3 (1891) quoad syn. cit., non 
descr. in part. Holotype BM, isotypes GH (1) . 
.!:· dissitifolius Nutt. in T. & G. Fl. N. Am . .!_:277 (1838). Orobus dis-
sitifolius (Nutt.) Alef. Bonplandia .2_:145 (1861). y. dissitifolia 
(Nutt.) R ydb. Bull. Torr. Bot. Club 33(3):144 (1906). "Platte 
prairie" (2). 
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y. americana var. angustifolia Nees in Maxim., Prince of Wied Reise 
Nord-America ~:434 (1839) reprinted in Thwaites Early West. 
Travels 1748-1846 24(3):328 (1906) (2). 
y. caespitosa Nels. Bull. Torr. Bot. Club 25(7):373 (1898). y. linearis 
var. caespitosa Nels. in Coult. & N els. Bot. Rocky Mt. 301 (1909). 
Holotype RM, isotype GH (1). 
y. callianthema Greene L e afl. ~:269 (1912). Syntypes RM, US (1). 
Description 
Plants usually not vining, seldom exceeding 35 cm in length. Leaflets 
usually 4 mm or less in width and less than 30 mm in length, coriaceous 
or stiff, bearing thickened non branched veins . Tendrils usually non-
ramose, segments not well-developed.· Raceme usually 3-4(-5) flowered. 
Range 
Manitoba to Northwest Territories, south along the loess bluffs of 
Iowa to Oklahoma, panhandle of Texas, and New Mexico, west to central 
Colorado, eastern Utah and Idaho, Montana, and Alberta (Fig. 16 ). 
Habitat and phenology 
Short-grass prairies, loess bluffs, and lower elevations of tli.e eastern 
slopes of the Rocky Mountains, with apparent restriction to dry habitats 
and low elevations. Flowering May to July, fruiting June to August. 
Representative specimens examined 
CANADA: Alberta: Craigmyle Dist., A.H. Brinkman 5389, June 12, 
1933 (GH, !SC, RM); Manitoba: Brandon, J.M. Macoun 12548, June 6, 
1896 (ND); Northwest Territories: Mackenzie Dist., J. W. Thieret 4208, 
August 11. 1958 (F ); Saskatchewan: Saskatoon, H. Br oh 2484, June 30, 
1945 (RM). 
UNITED STATES: Colorado: Arapahoe Co., R. W. Pohl 1929, May 29, 
1940 (!SC); Cheyenne Co., C. L. Porter 4122, May 4, 1947 (RM); Denver 
Co., I. W. Clokey 3075, May 30, 1918 (GH, RM); El Paso Co., C.R. Gunn 
2571, May 24, 1963 (!SC); Larimer Co., D. Isely 525$, July 19, 1947 (ISC); 
Idaho: Bannock Co., R. J. Davis 6146, May 24, 1932 (F); Lemhi Co., R. J. 
Davis 3109, May 16, 1941 (IDS); Iowa: Fremont Co., J.B. Morrill 461, 
May 17, 1952 (ISC); Harrison Co., D. Isely 6116, May 16, 1952 (ISC); 
Lyon Co., A. Hayden 11309, May 15, 1938 (!SC); Monona Co., D. Isely 
6113, May 16, 1952 (ISC); Kansas: Clay C o., E.J. Palmer 36046, June 4, 
1929 (GH,ISC); Minnesota: Big Stone Co., J. W. Moore & B. O. Phinney 
12932, May 28, 1940 (GH); Montana: Broadwater Co., W.E. Booth 560360, 
June 10, 1956 (RM); Custer Co. , J. Crider & M. O. Atkins 2 9, June 28, 
1947 (RM); Lewis & Clark Co., C. L. Hitchcock 18072, July 6, 1948 (IDS, 
RM) ; Nebr~ska: Banner Co., G. E. Osterhout 7323, June 20, 1930 (RM); 
Custer Co., C. L. Dietz, May l, 1927 (GH); Dixon Co., F. Clements 2508, 
June 12, 1893 (GH, NEB); Fillmore Co., C.R. Gunn 2570, May 30, 1963 
(ISC); Saline Co., C.R. Gunn 2569, May 23, 1963 (ISC); Union Co., A. & 
R. Nelson 4696, July 17, 1941 (RM); North Dakota: Barnes Co., S. L. 
Welsh 859, June 4, 1959 (!SC); Benson Co., S. L. Welsh 875, June 4, 1959 
(ISC); S. L. Welsh 90 l, June 6, 1959 (ISC); Texas: Randall Co., V. L. 
Cory, May 14, 1935 (GH); Utah: Daggett Co., L. Williams 439, May 29, 
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1932 (RM); Wyoming: Albany Co.• C. L. Porter 6972 , June 12, 1956 (RM); 
Campbei l C o. , C. L. & M. W. Porter 7 570, July 24, 1958 (RM); Carbon C o. , 
C. L. P orter 4169, May 26, 1947 (ISC, RM) ; Uinta C o. , R. C. Rollins 1664, 
June 11, 1 937 (GH,RM); Weston C o.• A. Ne lson '9510, July 23, 1910 (ND, 
RM). 
3. VICIA AMERICANA VAR~ SINE NSIS 
Y.. americana var. sinensis Gunn var. no v . Based on y_. tridentata 
Bunge non Gaterau nee Schweinitz . 1 
Y.. tridentata Bunge Enum. Pl. China Bar. P et ropoli _!: 19 ( 183 1 ). 
Reprinted in Mem. Sa v. E strang. Saint Peters. 2:93 (1835) , non 
Gaterau n ee Schweinitz. V. ·bungei Ohw i Jour. Jap. Bot. ~(6): 
330 (1936) (2). 
Des cription2 
Raceme 3-4 flowered; peduncle l onger than the 
<lard 15-25 mm long, usually 20 mm or more. 
Golden hairs along the sutures of the ovary. 
Range 
subtending leaf. Stan-
Calyx 6-9 mm long. 
Eastern Asia~ Southe rn Manchuria to Kansu and Yunnan Provinces, 
China. Ohwi (1936) reported y_. tridentata from Korea (Fig. 20). 
Habitat and phenolo gy 
Grasslands. roadsides, wa ste areas, margins of fields, without ap-
parent elevation preference (near sea l evel to over 9000 feet). Flowering 
April to June. 
Representative specimens examine d 
CHINA: Province not known: ? , ? , (US); Anhewi: C. N. Chen 4022, 
April 7, 1931 (NY) ; Hopeh: K.H. Beach 138, April 12, 1948 (US); K. Bret-
schneider 1850, 1881 (GH); W.R. Carles, 1 88 2 (GH) ; C. Y. Chiao 21394, 
May 7 • 192 9 (NY); J. C. Liu L-2520, ? , (N Y); H. Sheehan 50, May 15, 
1932 (NY) ; F. T. Wang 20071, May 2, 1929 (NY ); F. T. Wang 20213, June 
3, 1929, T. P. Wang 44, April 27, 1931 (NY); Kansu: R. C. Chiang 344, 
July 9, 1923 (US) ; Liaoning: P.H. Dorsett & W. J. Morse 5849, April-May 
1930 (US); Shansi: R. W. Chaney 1033, June 1, 1933 (NY); T. Tang 683, 
1 Not British Museum type specimen of Vicia oregana labelled in Nuttall' s 
handwriting "Y.· >:<oregana Y.· tridentata " nor British Museum type spe ci-
men of Y.· truncata labelled in Nuttall's handwriting Y.· >:< truncata Y.· >:<tri-
dentata." The latter t wo names are struck, and Y.· truncata rew ritten 
by Nuttall. 
2 The Bunge d es cription of Vicia tride ntata is: "114. Y.. tridentata Bunge. 
V. caule tetragono laxo; foliis subquadrijugis • foliolis oppositis oblongis 
ve l oblong-cune atis elongatis apice tridentatis ve l emarginatis interjecto 
mucrone supra glabris subtus pubes c e ntibus, cirro ramosis, stipulis 
latis semisagittais incisodentatis, pedunculis 3-4-floris folio sublongi-
oribus, leguminibus pendulis multiovulatis, sty lo apice villosis simo. 
Hab. ad vias, ad margins agrorum prope pi kenum. Floret Aprili. P e r-
ennial margni fere Lathyri humilis, v iolacei. " 
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May 3, 1929 (NY); Shantung: ?, April 18 , 1923 (GH); R.H., 21093, June 
1, 1930 (GH); Szechwan: H. Stevens 283, ? (F) ; F.T. Wang 21093, June 
1, 1930 (GH) ; Yihsien: ? , May 12, 1924 (GH); Yunnan: F. M. Feng 1016, 
May 24, 1939 (US); H.E. v on Handel-Maz zetti 6971, June 24, 1915 (US); 
J. R. Rock 4616, May 30 - June 6, 1922 (NY); T. T. Yil 5661, ? (GH); 
T.T. Yi.i6017, ?(GH);T.T.Yi.i6344,1938(GH);T.T. Yi.i6739, ?(GH); 
T. T. Yli 8244, 1938 (GH). 
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THE ARTERIAL SUPPLY TO THE APPENDAGES OF THE SHEEP 
(OVIS ARIES) 
N . G. Ghoshal1 and Robert G etty2 
A BS TRACT. T h e a r t e r i a 1 h 1 o o d s u p p 1 y o f t h e t h o r a c i c a n d 
pelvic limbs of the sheep have been described. The 
vascularization has been studied on eight thoracic and 
eight pelvic limbs. Breed, age, sex, and body weight 
of th e an i m a 1 s w e r e n o t c o n s i de r e d i n th i s i n v e s t i g at i on. 
Obs ervations were made by dissection on embalmed 
specimens, injected with red latex. 
The blood supply of the thoracic limb was mainly 
furnished by the axillary artery except in the shoulder 
region which was vascularized to some extent via the 
omocervical trunk. Similarly, the blood supply of the 
pelvic limb was mainly derived from the external iliac 
art ery and its tributaries. 
In order to facilitate the comparative morphological 
study of both thoracic and pelvic limbs some of the ves-
sels, according to their topography, were partly re-
named. The formation of various vascular arches and 
anastomoses between vessels supplying the appendages 
were reported in detail. 
PART I. THORACIC LIMB 
As the small ruminant is increasing in economic value and is being 
used more and more for comparative medical research it was deemed 
advisable to instigate a series of studies leading to a detailed description 
of the blood supply to the thoracic and pelvic appendages. It is hoped that 
these findings, correlated with those previously reported by the authors 
on the nerve supply to the same areas (Ghoshal and Getty l 966a, b, c), 
will be helpful to those conducting research in these areas as well as for 
diagnostic and prognostic purposes. 
REVIEW OF LITERATURE 
The arterial blood supply of both thoracic and pelvic limbs is inade-
quately described in the standard textbooks and in articles, especially in 
the English literature (see bibliography). Due to the lack of information 
from a comparative standpoint, the inconsistency of descriptions, and 
1 Assistant Professor, Department of Veterinary Anatomy, Iowa State 
University of Science and Technology, Ames. 
z Professor and Head, Department of Veterinary Anatomy, Iowa State 
University of Science and Technology, Ames. 
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the complexity of the areas it was deemed proper to discuss relevant 
references in the results. 
MATERIALS AND METHODS 
Eight thoracic and eight pelvic limbs of the sheep we re dissected for 
this investigation. The animals were sacrificed in the D epa rtment of 
Anatomy, College of Veterinary Medicine, I owa State University of Sci-
ence and Technology, Ames, Iowa, between June 1965 and August 1967. 
Breed, age, sex, and body weight of the animals were not considered in 
this study. 
The animals were anesthetized with pentobarbitol sodium and exsan-
guinated via a cannula from the right carotid artery. The specimens 
were embalmed with the following embalming solution: isopropyl alcohol, 
60%; formalin, 4%; phenol, 6%; corn syrup, 2.5%; and water, 27.5%. 
The vessels were perfused with normal saline solution to remove the 
blood clots. The arteries of both thoracic and pelvic limbs were injected 
to demonstrate the vascular architecture of the appendages. Arteries 
were injected with 2 parts of 2% ammonia w at e r added to 3 parts of red 
late x ( Cementex Co.). A pres sure of approximately 120 mm of mercury 
was used to inject the arteries and, in other cases, digital pressure was 
used. 
The specimens thus prepared were kept in a cooler for 2 to 3 days 
and were then dissected. Composite findings were illustrated. 
RES U LTS 
In addition to the branches of the axillary artery the thoracic limb 
was to some exte nt, especially in the region of the shoulder, vas cularized 
via the omocervical trunk (Truncus omocervicalis). 
Truncus omocervicalis 
. The omocervical trunk arose from the subclavian artery at the thora-
cic inlet and passed dorsally along the cranial border of the M. supra-
spinatus to the deep face of the Mm. brachiocephalicus, trapezius cer-
vicis and omotransversarius. It continued dorsally lateral to the super-
ficial cervical lymph nodes and ramified on the deep face of the M. tra -
pezius, terminating into at least three branches. Originating from the 
omocervical trunk we re: 
1. The Ramus muscularis - A muscular branch arose clos e to the 
origin of the parent trunk, supplying the M. subclavius along its deep 
face. 
2. The A. trans versa scapulae - The transverse scapular artery was 
the second branch, originating about 5 cm dorsal from this arterial 
trunk. It cours ed towards the cranial border of the M . supraspinatus, 
w here it divided into two branches. 
a . the medial branch extended caudomedially across the cranio-
medial face of the distal end of th e M. supraspinatus, sending strong 
muscular branches to the preceding muscle and slender twigs to the 
cranial border of the Mm . subscapularis and pectoralis ascendens 
and the medial aspect of the shoulder joint. 
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b. The relatively large lateral branch, after coursing laterad, 
entered the craniolateral face of the M. supraspinatus where it 
released a twig to supply the shoulder joint. Its main continuation 
dipped in the muscular belly of the M . supraspinatus, coursing 
directly dorsal towards the origin of this muscle, where it again ap-
peared superficially, ramifying in the fascia, skin and the cranial 
aspect of the scapular cartilage. 
3. The A. cervicalis ascendens - The ascending cervical artery was 
the continuation of the omocervical trunk. It coursed dorsad, contribu-
ting branches to' the Mm. omotransve r sarius and brachiocephalicus, the 
superficial cervical lymph nodes and finally disappeared inside of the 
M. trapezius. According to Wissdorf (1961) it anastomosed with the 
caudal end branch of the A. subscapularis in five cases. 
A. axillaris 
The axillary artery continued the subclavian artery (A. subclavia) 
after the origin of the omocer vical trunk and extended beyond the first 
rib in the axillary space . It wo und around the cranial border of the first 
rib coursing caudoventrally to the interval between the Mm. subscapu-
laris and teres major, somew hat dorsal to the dorsal border of the M. 
pectoralis ascendens, where it terminated into the Truncus subscapularis 
and A. brachialis. Arising from the a x illary artery were: 
. 1. The A. thoracica exte rna (Pectoral artery of May, 1964) - The 
exte rnal thoracic artery arose opposite to the omocervical trunk, cours-
ing caudoventrally, and furnished muscular rami to the Mm. brachio-
cephalicus, omotransversarius , superficial face of the Mm. pectoralis 
as cendens, pectoralis cleidos capularis, pe ctoralis des cendens, subcla-
vius, origin of the M. biceps brachii and M. coracobrachialis along the 
medial aspect of the shoulde r joint. DeVos (1965) stated that it contri-
buted blood supply to the forelimb and took over the area of the A. cir-
cumflexa humeri cranialis . 
2. A small muscular branch "'-:..-ose clos e to the bifurcation of the axil-
lary artery. It passed distad, supplying the origin of the M. coraco-
brachialis, the medial head of the M . triceps brachii and the medial 
aspect of the shoulder joint. This branch w as also seen to aris e from 
the caudal circumflex humeral art e ry. 
T runcus subs capularis 
The subscapular trunk arose as one of the terminations of the axillary 
artery. It wa s a large trunk , passing dorsocaudally for about 1. 5 cm 
between the Mm. subscapularis and teres major befor e it slipped laterad 
between these muscles and continued as the subscapular artery. Ori g i-
nating from the subscapular trunk we re: 
1. The A. circumflexa humeri caudalis - The caudal circumflex hu -
meral artery w as large and arose from the lateral aspect of the sub-
scapular trunk near its origin. It extend e d distolaterally between the 
apposing borders of the Mm. subscapularis and t ere s major along the 
flexor surface of the shoulder and coursing late rally behind the head of 
the humerus. It terminated into several branches between the heads of 
the M . triceps brachii and M. brachialis, accompanying the N. radialis. 
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According to Nickel and Wissdorf (1964) it . also supplied the M. pecto-
ralis profundus. 
a. The articular branch - This branch, variable in origin, sup-
plied the M. coracobrachialis, the medial head of the M. triceps 
brachii and the medial aspect of the shoulder joint. 
b. The Ramus proximalis - The branch was the smaller terminal 
branch of the caudal circumflex humeral artery, coursing late rad b e -
tween the long and lateral heads of the M. triceps brachii, immedi-
ately beneath the apposing borders of both parts of the M. deltoideus. 
Here it turned directly craniad beneath the Pars scapularis of the M. 
deltoideus and proceeded to the caudolateral face of the M. teres 
minor where it ended in two branches, vascularizing all three heads 
of the M. triceps brachii and the fascia and skin covering the area. 
One of its branches continued dorsally beneath the Pars acro-
mialis of the M. deltoideus and ramified in the Mm. infraspinatus, 
teres minor and both parts of the M. deltoideus. A small twig ex-
tended from the proximal ramus to the caudolateral aspect of the 
shoulder joint. 
c. The Ramus distalis (A. collateralis radialis proximalis) - This 
was the direct continuation of the parent trunk. It continued disto-
caudally in the space between the Mm. triceps brachii and brachialis 
and vascularized the lateral and long heads of the M. triceps brachii 
and the Mm. brachialis and anconeus by means of several twigs. A 
small slender branch passed between the insertion of the M. brachi-
alis and the origin of the M. extensor carpi radialis, accompanying 
the Ramus superficialis n. radialis, where it anastomosed with the 
proximal branch of the A. collateralis radialis distalis (A. collater-
alis radialis proximalis of Nickel and Wis sdorf 1964). It was destined 
to supply the lateral aspect of the capsule of the elbow joint and the 
fascia on the cranial aspect of the forearm, accompanying the cephalic 
vein _ (V. cephalica). During its course ove r the cranial portion of 
the M. anconeus, it released the nutrient artery to the humerus (A. 
nutritia humeri), coursing caudomedially between the apposing bor-
ders of the preceding muscle and the M. brachialis. Another twig 
proceeded caudally betwee n the origin of the M. extensor carpi radi-
alis and M. anconeus, vascularizing both of them and, also, the caudo-
lateral aspect of the capsule of the elbow joint. 
2. The A. subscapularis - The subscapular artery directly continued 
the T runcus subs capularis dorsocaudally between the Mm. subs capularis 
and teres major along the caudal border of the scapula to the caudal 
angle of the scapular cartilage. Wis sdorf ( 1961) and Nickel and Wis sdorf 
( 1964) described the A. thoracoacromialis as the first vessel arising 
from the A. subscapularis during its course along the caudal border of 
the scapula. However, DeVos(1965)said it arose from the medial branch 
of the A. trans versa scapulae-a branch of the omocervical trunk. Aris-
ing from it during its course were : 
a. The Rami mus culares - These branches arose about 1. 5 cm 
following the origin of the caudal circumflex humeral artery from the 
parent trunk and supplied the M. subs capu laris. 
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b. The A . circumflexa scapulae - The circumflex scapular artery 
w as fairly large, originating from the cranial aspect of the subscapu-
lar artery. It extended between the Mm. subscapularis and triceps 
brachii (long head) to the caudal border of the scapula, where it di-
vided into medial and lateral branches. 
( 1) The medial branch stretched between the medial surface of 
the scapula and the M. subs capularis, extended to the septum be-
twe en the Mm. subscapularis and supraspinatus, and finally rami-
fied inside the former muscle. 
(2) The late ral branch continued between the caudal border of 
the scapula and the long head of the M. triceps brachii, appearing 
on the lateral surface of the scapula. As it passed through this 
muscle it detached the nutrient artery to the scapula (A. nutritia 
scapulae). H e re it gave t w i g s to the M. infraspinatus and soon 
divided into ascending and descending branches. The ascending 
branch coursed craniodorsally in the infraspinous fossa between 
the bone and the M. infraspinatus. Following branching it ramified 
in the preceding mus cle . Nicke l and Wissdorf (1964) described an 
anastomosis betwe en this vessel and the branches of the A. sub-
scapularis . The c:'lescending bra nch passed craniodistallybelow the 
acromion process, r e leasing twigs to the Mm. infraspinatus and 
teres minor and finally entered the M. supraspinatus. 
c. The Rami mus culares - During its course the parent trunk gave 
off several muscular branches from .all sides to v a scularize the Mm. 
subscapularis, teres major and the long head of the M. triceps brachii. 
One strong branch coursed along the medial face of the long head of 
the M. triceps brachii and the Pars s capularis of the M. deltoideus 
to which it furnished a few twigs . Subsequently, it passed between 
the M. latis simus dorsi and the long head of the M. triceps brachii, 
finally ramifying inside the latter muscle and the M. tensor fasciae 
antebrachii. Near the middle of the caudal border of the scapula 
and origin of the l ong head of the M. triceps brachii, another strong 
muscular branch pierced the origin of the preceding muscle, giving 
off twigs while tra vers ing through it. It appeared on the infraspinous 
fossa on the lateral surface of the scapula and, following repeated 
branching, ramified w ithin the M . infraspinatus to the caudal angle of 
the scapula. 
3. The A. thoracodorsalis - The thoracodorsal artery arose from the 
caudal aspect of the parent trunk, O. 5 cm above the origin of the caudal 
circumflex humeral arter y . It followed a caudodors al course along the 
medial surfac e of the Mm. teres major and latissimus dorsi, accom-
panying the N . thoracodorsalis, and finally disappeared in the interstices 
of the latte r mus cle . Acc ording to De Vos ( 1965) the A. circumflexa 
humer i cranialis usually originated from the A. thoracodorsalis. 
a. The Rami musculares - There were a few muscular branche s 
vascularizing the Mm. pectoralis ascendens, teres major and latis-
simus dorsi. A few d e licate twigs also terminated in the caudal belly 
of the M. subscapularis. According to May ( 1964) it also supplied ,the 
M. triceps brachii and cutaneous muscles. Also, according to him, 
Wissdorf (1961) and Nic ke l and Wissdorf (1964) it vascularized the 
Ln. axillaris. 
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A. brachialis 
The brachial arte r y w as the direct continuation of the axillary artery 
beyond the origin of the subs capular trunk. It cou rs ed distally, accom-
panying the N. medianus, between the Mm. coraco brachialis and triceps 
brachii (medial head) and later between the M . biceps brachii and the 
flexor surface of the e lbow joint, beneath the Mm . pectoralis descendens 
and pronator teres. About 3 cm below the e lbow joint it gave off the 
common interosseous artery and continued as the median a rtery. O rig i-
nating from th e brachial artery we re: 
I. The A. circumflexa humeri cranialis - The cranial circumflex 
humeral artery arose from the cranial aspect of the parent artery, close 
to its origin (opposite to the thora c odorsal artery), o r, according to 
Wissdorf (1961), May (1964), and D eVos ( 1 965), may arise from the 
caudal circumflex humeral artery. It coursed craniad, together w ith th e 
Ramus muscularis proxima li s n. musculocutanei, between the superfi-
cial and deep portions of the M. coracobrachialis, and va scularize d the 
Mm. c oracobrachialis and biceps brachii and the medial aspe ct of th e 
shoulder joint capsul e. Wissdorf (1961) described an anastomosis be-
tween a muscular branch and a bicipital branch of the A. collate ra lis 
ulnaris insi d e the M . biceps brachii. D e Vos ( 1965) asserted that the A. 
circumflexa humeri cranialis was often replaced by a branch of the A. 
thoracica exte rna. 
2 . The A. profunda brachii - The deep brachial artery was r elative ly 
strong, arising from the caudal aspect of the par e nt artery. It c o ursed 
caudally for a short distance, then gave off small twigs .to the medial 
and long h eads of the M. triceps bra chii and vas cularized the long head 
ext e nsively. 
3. The Rami musculares - These branch es , variable in number and 
size, supplied the M. coracobrachialis, m e dial head of the M. triceps 
brachii and the M. biceps brachii. 
4. The A. collateralis ulnar i s - The collateral ulnar arter y arose 
fr om the caudal aspect of the brachial artery at approximately the level 
of the olecranon. It passed caudally, released a t wig to the medial head 
of the M. triceps brachii and also gave off a fe w slender t w igs to suppl y 
the M. pectoralis transversu s extensive l y and the fas cia and skin on the 
medial aspect of the e lbow joint . It then divided into two branches . Its 
ascending branch soon entered the long head of the M . triceps brachii. 
In four cases, Wissdorf (1961) observe d anasto,mosis w ith a muscular 
branch of the A. subscapularis. The descending branch coursed towa rd s 
the olecranon, furnishing twigs to the long head of the M . triceps brachii 
and humeral and ulnar heads of the M . fle xo r carpi ulnaris , and disap-
p e aring in the proximal third of the latter muscle . Slightly b e l ow the 
le ve l of the o l ecranon an articular branch exte nded f rom its deep te rmi-
nation to supply the caudomedial aspect of the e lbow joint. Wissdorf 
( 1961) stated that a branch arose close to its o n g m. This bicipital 
branch, in three cases, aros e independently. Within the M. biceps 
brachii it anastomosed either w ith the A. c i rcumflexa humeri cranialis 
or witq the branches of the A. thoracica externa or it ramifi e d inside 
the musc;le without anastomosis. 
5. The A. cutanea ante brachii caudalis - The cauda l cutaneous artery 
of the forearm had a variable origin. It w as see n to arise w ith the col-
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lateral ulnar artery or with a muscular branch destined to supply the M. 
biceps brachii. It also arose separately from the caudal aspect of the 
parent artery about 1 cm distal to the preceding artery. It extended 
towards the olecranon , together with the N. cutaneus antebrachii cau-
dalis n. ulnaris and vascularized the M. pectoralis transversus, the 
cutaneous muscle around the caudal aspect of the elbow joint, and the 
fascia and skin on the proximal third of the caudal aspect of the forearm. 
6 . The A. collate rali s radialis distalis - The distal collateral radial 
artery arose from the lateral aspect of the brachial arte ry on the flexor 
surface of the e lbow joint. According to Nickel and Wissdorf ( 1964) this 
artery aros e from the A. collateralis ulnaris. It arose by a very short 
common trunk, after passing betwee n the flexor surface of the e lbow 
joint and the Mm. biceps brachii and bracialis and split into a proximal 
and a distal branch. 
a . The proximal branch emerged along the deep face of the origin 
of the M. extensor carpi radialis to which it furnished a few twigs. 
It cours ed upwards between the Mm. brachialis and triceps brachii 
(late ral head), whe r e it anastomosed w ith a branch of the distal branch 
(A. collateralis radialis proximalis) of the caudal circumflex humeral 
artery as also obser v ::: d by N ic kel and Wissdorf (1964). 
b. The distal branch passed distolaterad, deep to the insertions of 
the Mm. biceps brachii and brachialis, and emerged beneath the ori-
gin of the M. extensor carpi radialis. H e re it gave off a few twigs to 
the deep face of the preceding muscles and divided into two branches. 
One of them continued distally between the Mm. extensor carpi radi-
alis and ext ens or digitorum (digitalis) communis (including the M. 
extensor digiti III). It ramified within the bellies of both the muscles 
and anastomosed with the recurrent interosseous artery of the A. in-
teros sea cranialis, in agreement with Wis sdorf ( 1961 ). Its other 
branch descended along the insertion of the M. brachialis and anasto-
mosed with a muscular branch, similar to the observation of Wiss -
dorf ( 1961 ), arising together wi th the common interos seous. artery, 
and finally terminating in the deep face of the M. extensor carpi 
radialis. 
7. The Ramus mus cularis - Slightly above the origin of the common 
interosseous artery a strong muscular branch arose from the caudal 
aspect of the parent artery. It coursed somewhat caudodorsally, beneath 
the M. flexor carpi radialis where it split into several twigs, supplying 
the preceding muscle and the Mm. pronator teres , flexor carpi ulnaris 
and fl exo r digitorum (digitalis) superficialis. It received a communica-
ting twig originating from the common interosseous artery and ramified 
on the mediocaudal aspect of the e lbow joint. 
A. interossea communis 
The common interosseous artery w as the last branch of the brachial 
arte_ry at the l evel of the proximal interosseous space of the forearm, 
Arising from this vesse l we re: 
1. The Ramus muscularis - A muscular branch, arising together with 
the common interosseous artery, pass ed craniodorsally for a short dis-
tance and divided into two twigs. The ascending twig was slender and 
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vascularized the medial face of the insertion of the M. brachialis. Its 
descending twig was relatively strong and, before reaching the M. ex-
tensor carpi radialis which it supplied extensively, received a commu-
nication witn one of the terminal branches of the distal branch of the 
distal collateral radial artery. 
2. The Ramus communicans - A ·delicate communicating twig arose 
from the short common parent artery, close to its origin, coursing dor-
sad and joining the large mus cuiar branch of the brachial artery near 
its termination. 
3. The A. interossea caudalis - The caudal interosseous artery sepa-
rated from the parent artery after a course of about O. 5 cm. It coursed 
distocaudally beneath the M. flexor carpi radialis and released a few 
twigs to the humeral head of the Mm.' flexor digitorum (digitalis) pro-
fundus and flexor carpi ulnaris. It then coursed between the superficial 
and deep bellies of the M. flexor digitorum (digitalis) superficialis, which 
it vas cularized extensively by means of several twigs during its distal 
course, and, near the flexor surface of the carpus, it anastomosed with 
the deep branch of the palmar branch of the cranial interos seous artery 
inside the preceding muscle. Approximately at the level of the acces-
sory carpal bone it anastomosed with a branch off the lateral aspect of 
the median artery. 
4. The A. interos sea cranialis - The cranial interos seous artery was 
relatively large, passed laterad and appeared on the caudolateral aspect 
of the proximal half of the radius through the proximal interosseous 
space of the forearm. It descended in the bony groove bounded by the 
radius and ulna beneath the M. extensor digitorum (digitalis) communis. 
Near the proximal third of the forearm it gave off a strong muscular 
branch which, after splitting in a variable manner, supplied the Mm. 
extensor digitorum (digitalis) communis (including the M. extensor digiti 
III), extensor carpi radialis and abductor primi (pollicis) longus. Close 
to the emergence through the proximal interosseous space of the fore-
arm, there were several tiny twigs furnishing the ulnar head of the M. 
extensor digitorum (digitalis) communis and the M. extensor digitorum 
(digitalis) lateralis. Subsequently, it released several cutaneous twigs 
of variable size to supply the fascia and skin of the dorsolateral aspect 
of the forearm to the carpus. Within the distal third of the forearm the 
cranial interosseous artery divided into a dorsal and a palmar branch. 
The dorsal branch coursed obliquely downward and forward and as-
sisted in the formation of the Rete carpi dorsale, and, according to 
Nickel and Wissdorf (1964), opened in the A. metacarpica perforans 
proximalis (Ramus perforans proximalis ). The palmar branch extended 
between the radius and the flexor muscles and divided into two branches. 
The superficial branch gave off a strong branch to supply the deep face 
of the M. ulnaris lateralis slightly above its insertion on the accessory 
carpal bone and anastomosed with the descending branch of the recurrent 
interosseous arte.ry. It continued farther distally along the palmaro-
lateral aspect of the carpus, supplying the fascia a-nd skin of the adjoin-
ing area. Some of its twigs were destined to contribute to the Rete carpi 
dorsale and one of them descended farther, and, near the proximal third 
of the metacarpus, joined the fourth palmar metacarpal artery (A. meta-
carpea palmaris IV), arising from the proximal (superficial) palmar 
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arch (Arcus palmaris proximalis superficialis ). From the Rete carpi 
dorsale arose both the cutaneous branch and the A. metacarpea dorsalis 
III. The cutaneous branch joined the latter artery near the confluence of 
the distal perforating branch (Ramus perforans d i stalis ). 
The third dorsal metacarpal artery descended in the dorsal longitu-
dinal vascular groove of the metacarpus and, within the proximal third, 
received the proximal perforating branch (Ramus perforan~ proximalis) 
from the proximal (deep) palmar arch, which also contributed twigs to 
the Rete carpi dorsale. About an inch above the .fetlock joint it joined 
the cutaneous branch and the distal perforating branch ari$ing from the 
distal (deep) palmar arch. Thereafter, it descended over the dorsal 
aspect of the fetlock joint as the A. digitalis dorsalis communis III and, 
near the middle of the proximal phalanx, gave off the dorsal proper digi-
tal arteries of the 3rd and 4th digits (Aa. digitales III et IV dorsales pro-
priae) which continued distally along the interdigital border of the prin-
cipal digits. Its continuation passed through the interdigital spa·ce and 
joined the A . digitalis palmaris communis III. 
The deep branch of the palmar branch passed through the distal in-
terosseous space of the forearm and supplied the caudal aspect of the 
carpus. It anastomosed with the caudal interosseous artery inside the 
M. flexor digitorum (digitalis) superficialis and inside the carpal canal 
formed the Rete carpi caudale, which contribute d tw igs to both the super -
ficial and deep proximal palmar arch. 
a. The A. nutritia radii ... The nutrient a rtery of the radius origi -
nated from the cranial interosseous artery at the distal limit of the 
proximal interosseous space of the forearm . It entered the bone at 
the caudolate ral aspe ct of the proximal third, almost at the same 
level as its origin. 
b . The A. interossea recurrens - The recurrent interosseous ar-
tery arose from the pa r ent vessel as it coursed th rough the proximal 
interosseoue space of the forearm. It passed dorsad beneath the u lnar 
head of the M. extensor digitorum (digitalis) communis, which, - witg 
its humeral head, it vas cularized extensively. It then divided into two 
branches. The descending branch was relatively strong and supplied 
the deep face of the M. ulnaris lateralis and anastomosed with a branch 
of the superficial branch of the palmar branch of the cranial i nteros -
seous artery. The ascending branch released a long slender branch , 
coursing towards the olecranon beneath the o igin of the M. ulnaris 
lateralis. It furnished the ulnar head of the Mm. flexor digitorum 
(digitalis) profundus, flexor carpi ulnaris and the Mm. ulnaris later -
alis and anconeus, and finally ramified along the caudolateral aspect 
of the elbow joint. The ascending branch continued dorsocranially, 
lying on the radius beneath the M. extensor digitorum(digitalis) com-
munis (including the M. extensor digiti III) and along the deep face of 
the M. extensor carpi radialis . It anastomosed with the distal branch 
of the distal collateral radial arte.ry. According to Wis sdorf ( 1961) 
and Nickel and Wis sdorf ( 1964) it also anastomosed with the,.granches 
of the A. collateralis ulnaris. On its way it supplied the humeral and 
ulnar heads of the M. extensor digitorum (digitalis) communis and 
the M . extensor digitorum (digitalis) lateralis. 
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A. mediana 
The median artery was the distal continuation of the brachial artery 
beyond the origin of the common interosse ous artery. It extended dis-
tally b e neath the Mm. pronator teres and flexor carpi radialis, accom-
panying the median nerve along the caudomedial aspect of the radius. 
Near the middle of the forearm it gradually crossed the deep face of the 
tendon of the M. fl exor carpi radialis and continued through the carpal 
canal, deep to the fl exor retinaculum . About the middle two-thirds of 
the metacarpus it joined the superficial branch of the radial artery , 
forming the distal (superficial ) palmar ·arch (Arcus palmaris distalis 
superficialis ). Following this union the c ombined vessel continued as 
the third common palmar digital artery (A. digitalis palmaris communis 
III). Originating from the median artery we re: . 
1. The Ran1i musculares - A few twigs coursed to the radial head of 
the M. flexor digitorum (digitalis) profundus. At the level of the acces-
sory carpal bone another fairly large twig. entered the M. fl exor digi-
torum (digitalis) superficialis and anastomosed w ith the distal continua-
tion of the caudal interosseous artery . In the region of the metacarpus, 
it released several twigs , supplying the superficial and deep flexor ten-
dons and the fascia around them. 
2. The A. radialis - The radial artery arose from the parent vessel . 
about the middle of the forearm and stretched between the caudomedial 
border of the radius and the M. flexor carpi radialis. It extended dis-
tally along the mediopalmar aspect of the carpus, lying in front of the 
median artery. Near the middle t wo-thirds of the metacarpus it joined 
the parent vessel to constitute the distal (superficial) palmar arch. It 
gave off the following branches : 
a. Small twigs to supply the periosteum on the mediocranial aspect 
of the d i stal half of the radius. 
b. Rami cutanei - A few twigs supplied the fascia and skin on the 
craniomedial and caudal aspects of the carpus. Some of them also 
supplied the caudomedial aspect of the joint capsule of the carpus. 
Wissdorf ( 1961) described an anastomosis between these cutaneous 
pranches and those of the A. collateralis radialis. 
c. A slender branch arose from the caudal aspect of the A. radi-
alis slightly below the accessory carpal bone. It passed laterad be-
tween the tendons of the Mm. flexor digitorum (digitalis) superficiali s 
et profundus. It then united w ith twigs from the Rete carpi caudale, 
forming the proximal (superficial) palmar arch (Arcus palmaris 
proximalis superficialis ), giving origin to the fourth palmar meta -
carpal artery (A. metacarpea palmaris IV) whic h traversed through 
the muscular branch. It finally opened in the distal (deep) palmar 
arch. 
d. The Ramus carpeus dorsalis - . The branches to the Rete· carpi 
dorsale were usually two in number, arising about 2 cm apart at the 
palmar aspect of the proximal extremity of the metacarpus. The dis -
tal branch gave off the second palmar metacarpal artery (A. meta-
carpea palmaris ··II) which, after cours i ng between the metacarpus 
and ·the M. interosseus medius, emptied in the distal (de ep) palmar 
arch. Wissdorf (1961) ~tated that the A. metacarpica volaris pro-
funda II arose from the Ramus profundus of the A. medianoradialis 
and, thereby, from the Arcus volaris proximalis. 
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e. The Ramus profundus - A deep branch arose between the two 
rami destined to contribute to the Rete carpi dorsale and passed be-
tween the M. interosseus medius and the metacarpus. It supplied 
several twigs to the preceding muscle and then anastomosed with the 
twigs originating from the Rete carpi caudale, forming the proximal 
(deep) palmar arch (Arcus palmaris proximalis profundus ). From 
this vascular arch aros e the proximal perforating branch (Ramus 
pe rforans proximalis) which, after tra versing the metacarpus, opened 
in the A. metacarpea dorsalis III. The third palmar metacarpal ar-
tery (A. metacarpea palmaris III) also originated from the proximal 
(deep) palmar arch and descended between the metacarpus and the M. 
interosseus medius. Near the middle of the metacarpus, it opened in 
the muscular branch. It later continued distally, assisting in the 
formation of the distal (deep) palmar arch. 
f. The Ramus mus cularis - Approximately in the middle of the 
metacarpus a strong muscular branch left the parent vessel, coursed 
between the bone and the M. interos seus me di us to which it gave off 
a few twigs and received the confluence of both the third and fourth 
palmar metacarpal arteries. The nutrient artery of the metacarpus 
originated from this vascular confluence and entered the metacarpus. 
g. The Ramus cutaneus - A strong cutaneous branch arose about 
2 cm above the distal (superficial) palmar arch, extended along the 
superficial aspect of the flexor tendons and finally ramified in the 
fascia and skin of the adjoining area. 
A. digitalis palmaris communis III 
The third common palmar digital artery was the distal continuation of 
the median artery beyond the distal (superficial) palmar arch. It coursed 
distally, between the accessory digits and, near the middle of the proxi-
mal phalanx, gave off two Rami communicantes. Each of them coursed 
transversely along the palmar surface of the proximal phalanx beneath 
the flexor tendons and joined the A. digiti III palmaris propria or the A. 
digiti IV palmaris propria. From them arose, respectively, the A. digiti 
III dorsalis medialis and the A. digiti IV dorsalis lateralis, similar to 
the observations of Nickel and Wis sdorf ( 1964). Almost at the same 
level, it gave off a short common trunk whi ch soon split and furnished 
the lower limit of both the accessory digits. The continuation of the third 
common palmar digital artery passed through the interdigital space and 
communicated with the third dorsal common digital artery (A.' digitalis 
dorsalis communis III). The common trunk, following a short course , 
divided into two palmar proper digital arteries to the third and fourth 
digits (Aa. digitales III et IV palmares propriae). Each of these digital 
arteries furnished twigs t o the interdigital surfaces and finally split into 
three branches. They supplied the digital cushion (Ramus pulvinus dis-
talis ), the solar surface and the corium of the distal phalanx (Ramus pal-
maris ). Their continuation formed the terminal arch (Arcus te rminalis) 
inside the distal phalanx. During their course they further released the 
A. coronaria which extended dorsad along the medial surface of the n1id-
dle phalanx, furnishing the fascia and skin of the neighboring region. 
On its course the third common palmar digital artery released the 
following branches: 
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Figure 1. Legend: 
l. 
2. 
2'. 
2". 
3. 
4. 
5. 
6. 
7. 
7'. 
7". 
8. 
8'. 
9. 
1 o. 
11. 
12. 
13. 
14. 
15. 
15 I• 
15". 
16. 
17. 
18. 
18'. 
19. 
20. 
T runcus omocervicalis 
A. transversa scapulae 
Ramus medial.is 
Ramus lateralis 
A. cervicalis as cendens 
A. axillaris 
A. thoracica externa 
Truncus subs capularis 
A. c ircumflexa humeri caudalis 
Ramus proximalis 
Ramus distalis ( = A. collateralis radialis proximalis) 
A. subs capularis 
A. circumflexa scapulae 
A. thoracodorsalis 
A. brachialis 
A. circumflexa humeri cranialis 
A. profunda brachii 
A. collateralis ulnaris 
A. cutanea ante brachii caudalis 
A. collateralis radialis distalis 
Ramus proximalis 
Ramus distalis 
A. interossea communis 
A. interos sea caudalis 
A. interossea cranialis 
A. interossea recurrens 
A. mediana 
A. radialis 
20 '. Ramus carpeus dorsalis 
21. Ramus profundus 
22. Arcus palmaris distalis superficialis 
23. Ramus anastomoticus to Arcus palmaris distalis profundus 
24. A. digitalis palmaris communis II 
25. Aa. digitales II et III palmares propriae 
26. A. digitalis palmaris communis III 
27. Ramus communicans 
2-8. A..., digiti III dorsalis medialis 
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Figure 1. The arterial blood supply to the thoracic limb of the sheep 
via axillary artery (A. axillaris): medial view (schematic). 
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18. A. interossea cranialis 
18 20 
19 18". Ramus dorsalis of 
18" 
A . inte ros sea craniali s 
19. A . mediana 
20 ' 20. A. radialis 
20 1 • Rami carpei dorsalia 
29 
26. A . digitalis palmaris 
communis III 
29 . Ramus perforans proximalis 
30. A . metacarpea dorsalis III 
30 
31. Ramus cutaneus of 1 8" 
31 
32 
32 . Ramus perforans distalis 
33 . Aa. di gi tales III et IV 
dorsales propriae 
34. A. coronaria 
26 
Figure 2. Arteri es of the distal part of right thoracic limb of sheep: 
dorsal v iew (schematic). 
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17. A. interossea caudali s 
18 f II ' Ramus palmaris of 
20 19 A. inteross ea cranialis 
19. A. mediana 
1 7 20. A. radialis 
18"' 21. Ramus profundus 
22. Arcus palmaris distalis 
superficialis 
23 . Ramus anastomoticus to Arcus 
palmaris distalis profunqus 
24 . A . digitalis palmaris communis 
29 II 
25. Aa . digita l es II et III palmares 
21 36 propriae 
26. A. digita lis palmaris communis 
III 
~5 27. Ramus communicans 44 
28. A. digiti III dorsalis medialis 
22 
29. Ramus perfo rans proximalis 
32 . Ramus p e rforans distalis 
45 35. A. metacarpea palmaris IV 23 
32 37 36. Arcus palmaris proximalis 
24 40 profundus 
25 4 1 37 . Arcus palmaris distalis 
profundus 
38 . Ramus pulvinus distalis 
27 39 . Ramus palmaris 26 
40 . A. digitalis palmaris communis 
28 4 2 IV 
43 4 1. Aa . dig itale s IV et V palma res 
propriae 
39 42 . A . digiti IV dorsalis lateralis 
43 . Aa . digitales III et IV palmares 
propriae 
44 . A . metacarpea palmaris III 
45 . A . metacarpea palmaris II 
Figure 3. Arteries of the distal part of right thoracic limb of sheep: 
palmar view (schematic). 
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1. The A. digitalis palmaris communis II - The second common pal-
mar digital arte ry arose from the parent vessel, continued distally and 
divided into two palmar proper digital arteries of the 2nd and 3rd digits 
(Aa. digitales II et III palmares propriae). Near the middle of the proxi-
mal phalanx the A. digiti III palmar is propria received the Ramus com-
municans a r ising from the parent vessel. 
2. The A. digitalis palmaris communis IV - The fourth common pal-
mar digital artery arose at a variable level from the parent vessel in 
the distal third of the metacarpus. It coursed distally and divided into 
two palmar proper digital a rteries of the 4th and 5th digits (Aa. digitales 
IV et V palmares propriae). The latter arteries also arose separately 
from the parent trunk. Near the middle of the proximal phalanx the A. 
digiti IV palmaris propria received the Ramus communicans originating 
from the parent artery. 
PART II. PELVIC LIMB 
The e xternal iliac artery (A. iliaca externa), the large parietal branch 
of the abdominal aorta (Aorta abdominalis), arose from the lateral sur-
face of its parent artery, ventral to and between the fifth and sixth lum-
bar vertebrae, just cranial to the medioventral border of the Spina iliaca 
ventralis (tuber coxae). It coursed slightly caudomediad along the medial 
face of the M. psoas major to just dorsal to the origin of the cranial head 
of the M. sartorius. At this point it curved slightly caudoventrad, pass-
ing between the two heads of the M. sartorius and along its deep face . 
As it coursed deep to the M. sartorius, the external iliac artery contin-
ued as the femoral artery (A . femoralis) in the femoral canal. Branches 
arising from the external iliac artery were: 
A. circumflexa ilium profunda 
The deep circumflex iliac artery arose from the ventrolate ral surface 
of i ts parent artery, about 5 cm after its origin. It coursed laterad in 
the abdominal cavity for a short distance, then divided into two branches 
as it crossed the ventral border of the M. psoas major. Before its 
division it released several twigs, supplying the fat i n the sublumbar 
region and at the pelvic inlet. 
The ascending or cranial branch passed directly craniad and divided 
into two. Its dorsal branch coursed dorsolaterad and split again to sup-
ply the sublumbar muscles, the Mm. longissimus thoracis and gluteus 
medius. Some of its twigs also ramified in the periosteum around the 
ventral iliac 9pine, Its ventral branch passed craniad and disappeared 
within the Mrri. transversus abdominis, obliquus internus abdominis and 
obliquus externus abdominis. 
The descending or caudal branch passed slightly ventrolaterad to the 
dorsal border of the deep face of the M. transversus abdominis. Here 
it left the abdominal cavity by perforating the preceding muscle to which 
it furnished twigs. It appeared on the lateral face of this muscle along 
the ventromedial border of the M. iliacus, coursing slightly caudoventrad 
to the caudomedial border of the M. tensor fasciae latae. Here, it again 
split into two branches. The cranial bra:ich arose near the caudomedial 
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border of the M. tensor fasciae latae. It coursed directly ventrad on the 
medial face of the preceding muscle to the subiliac lymph node (Ln. sub-
iliacus), supplying same, and then continued farther distally. The cau-
dal branch, the larger of the two, continued distally and ended in at least 
three muscular rami. One of them coursed distally over the cranial 
aspect of the thigh, supplying a twig to the M. tensor fasciae latae, and 
descended along the M. rectus femoris. It released twigs on its course 
and ramified in the belly of the preceding muscle, vasculariz ing to its 
distal end. Another branch coursed between the Mm. vastus lateralis 
and rectus femoris and ramified inside them. 
Close to its origin it detached a twig to furnish the M. tensor fasciae 
latae. The third muscular branch passed caudad, medial to the M. ten-
sor fasciae latae and curved around its caudal aspect, finally disappear-
ing inside the M. gluteus medius. Just before entering the preceding 
muscle it released a slender nutrient artery (A. nutritia ilii) of the ilium. 
It coursed deep between the Mm. gluteus me di us and iliacus, finally en-
tering the nutrient foramen on the medial surface of the proximal third 
of the shaft of the ilium. 
A. profunda femo ris 
The deep femoral artery was a very large trunk, originating directly 
caudad from the parent a rtery as it reached the origin of the cranial 
head of the M. sartorius. It passed caudad, entering a triangular space 
below the pectin os sis pubis bounded by the medial face of the M. pecti-
neus, the insertion of the M. iliopsoas and the ventromedial face of the 
obturatorius externus. It passed through this space to the cranial face 
of the M. adductor. Here it terminated into several strong branches. 
Arising from the deep femoral artery were: 
1. Truncus pudendoepigastricus - The pudendoepigastric trunk origi-
nated from the ventral surface of its parent artery, 2 cm from its origin. 
It coursed ventrad for a var iable distance as a common trunk before it 
split into two terminal branches. From the short common trunk a slen-
der branch destined to supply the prepubic tendon, arose variably. 
a. The A. epigastrica caudalis - The caudal epigastric artery, the 
smaller of the two branches , coursed cranioventrad entering the deep 
face of the M. rectus abdominis. Here it turned craniad in this mus-
cle, where it eventually anastomosed with twigs of the cranial epi-
gastric artery (A. epigastrica cranialis ). During its course it gave 
off a few twigs vascularizing the M. obliquus internus abdominis. In 
three cases, a fairly large muscular branch arose directly from the 
common trunk and supplied the M. obliquus internus abdominis. Ac-
cording to Freytag (1962) and Paech (1964) the external spermatic 
artery s. cremaster artery (A. spermatica externa s. cremastica) 
arose, in the male, from the caudal epigastric artery. It ran, lying 
caudal to the M. cremaster externus , to the testicle with the vaginal 
process and supplied the testicular integument. 
b. The A. pudenda externa - The external pudic artery, larger of 
the two branches, curved slightly caudoventrad, coursing from the 
abdominal cavity through the inguinal canal. As it emerged through 
the superficial inguinal ring it gave off a branch cranially which dis-
appeared in the abdominal musculature and continued as the mammary 
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artery in the female. Paech (1964) observed the cremaster artery s . ·· 
external spermatic artery to arise from the external pudic artery in 
two male animals. According to Tanudimadja (1962) the external 
pudic artery divided, in the female, into the A. epigastrica caudalis 
superficialis and the A. mammaria. The former passed cranially on 
the ventral surface of the M. rectus a bdominis. In the ram, the ex-
ternal pudic artery divided into the A. epigastrica caudalis superfi-
cialis and a Ramus caudalis. The former vessel gave off branches 
to the inguinal lymph nodes and the teat. The Ramus caudalis gave 
branches to the scrotum and the Corpus cave rnosum urethrae and 
anastomosed w ith the A. perinei . Freytag (1962) descri b ed a branch 
from the external pudic arte ry near the head of the epididymis which 
was distributed caudal to the tunica dartos. An identical vessel, after 
a short cranial course, continued in the tunica dartos, passing crani-
omedial to the vas deferens. The external pudic artery ran crania~ly 
in the distolatera l border of the M. preputialis caudalis, forming a 
vascular plexus with its fe llow of the opposite side. 
2. The A. circumflexa femor is medialis - The medial circumflex 
femoral artery was the continuation of the deep femoral artery b eyond 
the origin of the pudendoepigastric trunk. It coursed caudodistad through 
the M. adductor, eme rg ing through its caudal face . Dur ing its cours e it 
supplied the preceding muscle extensively. As it traversed th is muscle, 
it passed distolaterad between the deep faces of the Mm. semimembra-
nos u s and gluteobiceps , somewhat dorsal to the popliteal lymph nod e (Ln. 
popliteus) and cranial to th e cranial border of the M . semitendinosus. 
Here it gave off a muscular branch which entered the deep face of the M . 
gluteobiceps and a caudodistally directed branch supplying twigs to the 
is chiatic ner ve (N . is chiadicus) and the popliteal lymph node . It termi-
nated into several branches along the medial face of the dista l extremity 
of the M. gluteobiceps. 
a. The Rami musculares - S evera l muscular branches originated 
from the parent artery 3 cm distal to the origin of the pudendoepigas-
tric trunk. These supplied the Mm . iliopsoas and pectineus . 
b . The Ramus obturatorius - The obtu.rator ramus arose from the 
dorsal surface of its parent artery, 1. 5 cm distal to the muscular 
branches . It coursed towards the cranial border of the M . obturator-
ius externus near its origin on the pectin ossis pubis . Freytag (1962) 
described nutri e nt vessels to the Ramus acetabularis ossis pubis and 
Ramus acetabularis ossis ischii arising from the obturator ramus. 
Here it turned slightly caudad, passing dorsad into the pelvic cavity 
along the cranial border of the obturator foramen, whe re it supplied 
the M. obturatorius internus. In addition, twigs we re detached in its 
course to supply the M. obturatorius externus and a twig entered the 
joint capsule approximately at the head of the femur . Finally, it 
anastomosed w ith the obturator artery (A. obturatoria) off the internal 
pudic artery (A. pude nda interna) and, according to Freytag (1962), 
also w ith a fine twig of the A. urethrogenitalis . 
c. The Rami mus culares - Additional muscular branches originated 
from the par e nt artery and radiated in all directions to supply the 
Mm. pectineus, gracilis, semimembranosus, adductor, semitendino-
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sus , sartorius , quadratus femoris , o bturatorius exte rnus, gemelli 
and g luteobiceps . Acc o rding to Freytag (1 962 ) one of the muscular 
branches anastomos e d w ith the t w igs of the A. g lutea caudalis inside 
the M . gluteus profundu s. 
A . femo ralis 
The femoral art e r y direct l y continue d the ext e rnal iliac art e r y into 
the pelvic limb, beyond the o ri g in of the deep f emo ral art e ry. It passed 
distad betwee n the de e p fac e of the M . sart orius and the m e d ial face of 
the M . vastus medialis from the femoral triangle (Trigonum femorale) to 
the ins e rtion of the M . pectineus , j ust do rsal to the dorsomedial border 
of the M. semimembranosus . Here it cu r ve d distolaterad betwee n the 
apposing fac es of the Mm . addu ctor and semimembrano sus and th e cau-
dal fac e of the femu r, to the p op liteal region whe r e it continued as the 
poplitea l art e ry (A. poplitea) . Or iginating from the femora l artery we r e : 
1. The Trun c us communis - This common trunk , the first and lar ge st 
branch of the femoral artery , arose from its late ral surface close to its 
origin. It coursed direct l y late rad for about 1 cm passing between the 
apposing proximal e n ds of the Mm . rectus f e moris and vastus medialis. 
As it passed b e twee n these mus cles it divided into two t e rminal branches 
- the cranial femo ral arte r y a nd the latera l circumflex femo ral artery . 
Arising from this c ommon trunk before its di v i s ion was a muscu lar 
branch w hich cours ed distomediad to supply the M . vastus medialis. 
a. T h e A. femoris cranialis - The c r anial femo ral artery aro s e 
as one of the terminal branches of the common trunk , pass ed dis tad 
to the deep fac e of the M . re c tus femo ris, supplying it and the M . 
vastu s medialis extensively . According to Freyta g (19 6 2) it als o ga ve 
off s eve ral twigs to th e M . vastus int e rm edi us . One of these ves s e l s , 
the caudomedial one in t h e m a jo rity of cas es , coursing distally w ithin 
the M . r e ctus femoris , proxim al to the pate lla and ins ide the mus cle , 
anastomosed w ith a tw i g of the Ramus caudali s of th e A. circumflexa 
ilium profunda. 
b . The A. circumflexa femo ri s late ralis - The lateral circumflex 
femo ral arte r y pass ed directly l aterad as the other termination of 
the common trunk. It coursed along the deep face of the M . vas tus 
lat e ralis, w here it split into s eve ral branches . These b ranches vas -
cularized the Mm . g l u t eus medi us , g luteus pr ofundus, vastus inte r-
medius , vastus lateralis and r e ctus femoris . Freytag (1962) des cribed 
the n utri e nt art e r y of the femur as also arising f r om this v~sse l, but 
May (1 964 ) stated that i t ar ose from the femoral arte r y in the d istal 
third of the leg. 
2. T h e Rami musculares - The muscular branches a rose from th e 
femoral arte r y throughout its cours e until its t e rmination. They we r e 
variabl e in o rigin and number and furnished the Mm . sartorius , iliacus , 
pectin eus , adductor, g racilis, vastus medialis and s emimembranosus . 
3 . The A . s aphena - The saphenous artery was an ' ext e nsive branch 
of the femora l artery, a ri sing f r om the medial ·Su rface of its parent ar-
tery appr oximately at the m i ddl e of the thigh . It coursed d irectly distad , 
passing ove r the medial faces of the insertions of the Mm . gracilis, 
semimernbranosus and sernitendinosus, immediate l y beneath the skin. 
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It continued distad beyond the stifle joint into the fascia in front of the 
Tenda calcaneus communis. Arising before its termination from the 
saphenous artery were two relatively strong branches originating from 
either side of the parent artery near the tuber calcanei. The medial or 
articular branch passed craniodistally over the medial aspect of the ten-
dons of the Mm. tibialis caudalis and flexor digitorum (digitalis) longus. 
Here it detached deep twigs to supply the caudal aspect of the joint cap-
sule of the tarsus. Some of its twigs crossed transversely the cranial 
aspect of the body of the calcaneus (fibular tarsal bone) and appeared on 
the lateral surface of the tarsus, extensively supplying the fascia and 
skin of the neighboring area. It continued farther below the medial mal-
leolus along the medial aspect of the tarsus, extensively supplying the 
fascia and skin of the adjoining area and finally anastomosed with a 
branch of the cranial tibial artery (A. tibialis cranialis) on the flexor 
surface of the tarsus. According to Freytag (1 962) both of these consti-
tuted a Rete tarsi dorsale et laterale from which fine twigs, lying on the 
bone, extended distally and communicated with the A. tarsica plantaris 
lateralis. The lateral branch extended laterad between the tendon of the 
M. flexor digitorum (digitalis) profundus and the Tenda calcaneus com-
munis. On its course it ga ve off several delicate twigs to the fascia and 
skin of this region and wrapped around the insertion of the Tenda cal-
caneus communis on the tuber calcanei along its cranial and lateral sur-
faces. 
The saphenous artery then descended farther along the medial side of 
the tuber calcanei where it divided into two branches-the lateral and 
medial tarsal arteries. 
a. The A. tarsea lateralis - The lateral tarsal artery was one of 
the terminations of the saphenous artery as it reached the tarsus. It 
arose caudolaterad from its parent artery somewhat below and medial 
to the tuber calcanei. It coursed laterad to the lateral aspect of the 
tuber calcanei, terminating into numerous branches in the fascia and 
skin on the lateral aspect of the tarsus. 
b. The A. tarsea medialis - The medial tarsal artery was the dis-
tal continuation of the saphenous artery. It formed a short trunk, 
about 1 cm in l ength , and then divided into two plantar arteries. 
(1) The A. plantaris lateralis - The lateral plantar artery passed 
along the lateral face of the tendon of the M . flexor digitorum (digi-
talis) profundus beneath the Lig. plantare longum and attained the 
plantarolateral aspect of the tarsus and metatarsus. Here it de-
scended in the groove bounded by the M . interosseus medius and 
M. flexor digitorum (digitalis ) profundus. About 2. 5 cm below the 
proximal extremity of the metatarsus it gave off an anastomotic 
branch to constitute the proximal (deep) plantar arch (Arcus plan-
taris proximalis profundus). The lateral plantar artery continued 
distally and contributed a delicate branch between the M. inter-
os seus me di us and the metatarsus in the formation of the distal 
(deep) plantar arch (Arcus plantaris distalis profundus). The re-
mainder ramified around the 5th digit (lateral "dew claw").. 
(2) The A. plantaris medialis - The medial plantar artery w as 
the distal continuation of the medial tarsal artery. It descended 
gradually along the medial face of the tendon of the M. flexor 
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digitorum (digitalis) profundus. At the l eve l of the tarsometatarsal ar-
ticulation it received the proximal perforating branch (Ramus perforans 
proximalis) given off of the A. dorsalis pedis on the fle xor surface of 
the tarsus . Freytag (1962) reported three va riations in the confluence of 
the perfo rating tarsal artery and the medial plantar artery: (1) the per-
forating tarsal artery directly joined the latter vessel; (2) it ran para llel 
with the medial plantar artery distally to the second metacarpal bone, 
closely proximal to the proximal plantar arch and united with the A. 
metatarsica plantaris superficialis II; or (3) the A. tarsica plantaris 
medialis united with the perforating t ar sa l artery at the level of the dis -
tal a rticular space . Avout 2. 5 cm below the tarsus it gave off an anas-
tomatic branch, coursing between the metatarsus and the M. inter osseus 
me di us to participate in the fo r mation of the proximal (deep) plantar 
arch. From this vas c ular arch, in addition to a few delicate muscula r 
twigs for the M. interosseus medius, arose the third and fourth plantar 
metata rsal arteries (Aa. metata rs e a e plantares Ill et IV). The latter 
vessels stretched distally betwee n the metatarsus and the M. interosseus 
medius and finally joined the distal (deep) plantar arch. The medial 
plantar artery continued farther distally in the groove formed by the M. 
interosseus medius and the tendon of the M. flexor digitorum (digitalis) 
profundus. Slightly below the preceding branch it gave off the second 
plantar metatarsal artery (A. metatarsea plantaris II) whi ch, in turn , 
joined the distal (deep) plantar arch. The medial plantar artery exte nded 
distally, Slightly above the fetlock joint it received the distal perforating 
branch (Ramus perforans distalis) from the A. metatarsea dorsalis III 
via the Ramus anastomoticus to form the distal (superficial) plantar arch. 
From this vas cular arch arose: 
(a) The A, digitalis plantaris communis II - The second plantar 
common digital artery split into a few twigs and ramified around the 
medial accessory digit. It then divided into two plantar proper digital 
arteries of the 2nd and 3rd digits (Aa. digitales II et III plantares pro-
priae ). The A. digiti III plantaris propria received the Ramus com-
municans from the A. digitalis plantaris communis III near the mid-
dle of the proximal phalanx. 
(b) The A. digitalis plantaris communis IV - The course of the 
fourth plantar common digita l artery was simi lar to the above and di-
vided into two plantar proper digital arteries of the 4th and 5th digits 
(Aa. digitales IV et V plantares propriae ). The A. digi ti I V plantaris 
propriae also received a Ramus communicans from the A. digita lis 
plantaris communis III at approximately the middle of t h e proximal 
phalanx. 
(c) The A. digitalis plantaris communis III - The third plantar 
common digital artery assumed the distal continuation of the distal 
plantar arch . Near the midd le of the proximal phalanx it gave off a 
short common trunk supplying the accessory digits and two Rami 
communicantes. The Rami communicantes coursed across the plan-
tar aspect of the proximal phalanx, beneath the flexo r tendons and 
united with the A. digiti III plantaris propria and the A. digiti IV plan-
taris propr ia. From this vascular conflue nce arose the A. digiti III 
pedis dorsalis medial is and A. digiti IV pedis dorsalis lateralis, re-
spective l y. The continuation of the thi rd plantar common dig ital 
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artery traversed through the interdigital space and joined the third 
dorsal common digital artery (A. digitalis dorsalis pedis communis 
III). Following their confluence, it divided into two plantar proper 
digital arteries which descended along the interdigital surface of the 
3rd and 4th digits (Aa. digitales III et IV plantares pr~priae). Each 
of these proper arteries released tw igs to the adjoining interdigital 
surface and finally divided into three branches . One of them extended 
to the bulb (Ramus pulvinus distalis), the second one supplied the 
plantar surface of the hoof (Ramus plantaris ), while its continuation 
entered the distal phalanx through the interdigital foramen and assist-
ed in the formation of the terminal arch (Arcu$ terminalis) inside the 
bone. During its course it released the A. coronaria which coursed 
dorsad along the medial surface of the middle phalanx, finally rami-
fying in the fascia and skin of the adjoining area. Freytag ( 1962) de-
scribed a fine Ramus communicans on either side arising from the 
distal plantar arch and joining the A. digiti pedis IV plantaris later-
alis and A. digiti pedis III plantaris medialis. 
4. The A. genus descendens - The descending genicular artery arose 
from the craniomedial aspect of its parent artery, about 4 cm distal to 
the origin of the saphenous artery. It coursed distocraniad along the 
caudomedial border of the M. vastus medialis to which it supplied seve-
ral small twigs. It coursed craniodistad between the preceding muscle 
and the M. semimembranosus. It continued along the medial aspect of 
the stifle joint where it split into several branches, supplying the fascia 
and skin on the craniomedial aspect of this joint. According to Freytag 
(1962) the descending genicular artery anastomosed with a muscular 
branch of the femoral artery and with a twig of the Ramu~ caudalis of 
the A. circumflexa ilium profunda inside the M. vastus medialis, within 
the insertion of the M. rectus femoris with the distal branch of the A. 
femoris cranialis. This was not demonstrable in all cases. It also 
anastomosed inside the M. vastus lateralis with a lateral branch of the 
A. poplitea which anastomosed again with the end twigs of the Ramus 
caudalis of the A. circumflexa ilium profunda. 
5. The A. genus suprema - This short branch arose from the cranio-
medial surface of its parent artery, about 1. 5 cm distal to the previous 
artery. Close to its origin it divided into: 
a. The ascending branch - The ascending branch was relatively 
large, passed craniad over the medial aspect of the M. vastus medi-
alis and ramified inside same. Freytag (1962) described an anasto-
mosis with a distal twig of the A. circumflex~ femoris lateralis in 
the middle of the M. vastus intermedius. 
b. The descending branch - The descending branch extended, at 
first, between the Mm. vastus medialis and semimembranosus and 
later between the deep face of the former muscle and the femur. Here 
it split into small twigs and furnished the Mm. vastus intermedius 
and· articularis genu. A few of these twigs also reached the capsule on 
the medial aspect of the stifle joint and the medial femoral trochlea. 
6. The A. femoris caudalis - The caudal femoral artery was a strong 
· vessel originating from the caudal aspect of the femoral artery before 
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b.e latter proceeded between the two heads of the M. gastrocnemius. 
:his artery was also seen to arise laterad from the beginning of the 
opliteal artery (A. poplitea). Following a short course it divided into 
n a ·s cending and a descending branch. 
a. The ascending branch passed laterally, proximal to the lateral 
epicondyle of the femur, where it vascularized the insertions Of the 
Mm. gluteobiceps, vastus intermedius and adductor anQ. a small 
slender twig to the lateral aspect of the stifle joint. 
b. Its descending branch coursed distad, about 3 mm a fter the ori-
gin of the parent artery, supplying the caudai face of the Mm. gastro-
cnemius and flexor digitorum {digitalis) superficialis. 
poplitea 
The popliteal artery was the distal continuation of the femoral artery. 
coursed through the popliteal region between the medial and lateral 
eads of the M. gastrocnemius. From here it passed distad, medial to 
ie origin of the M. flexor digitorum {digitalis) superficialis and beneath 
ie origin of the M. popliteus. Following a short course it divided into 
vo terminal branches-cranial and caudal tibial arteries about 2. 5 cm 
elow the tibial condyle. According to Freytag (1962) four vessels could 
e recognized near the stifle joint: craniomedially, the A. genus descen-
ens; a caudomedial branch; and a middle and lateral Ramus articularis 
~om the A. poplitea which communicated w ith each other. Arising from 
1e popli t eal artery in our study the following were 'observed: 
1. The Ramus muscularis - The muscular branch originated 2. 5 cm 
Lstal to the _caudal femoral artery and coursed to the medial face of the 
[, fle x or digitorum {digitalis) superficialis , extensively supplying it and 
nally terminating i n the deep face of t h e medial h e ad of the M. gastro-
:iemius and the M. popliteus. 
2. The A. genus caudalis - The caudal genicular artery was repre-
=nted by two or three vessels, arising from the parent artery before 
Ley coursed beneath the M. popliteus. They furnished the caudal aspect 
: the capsule of the stifle joint. 
3. The A. tibialis caudalis - The caudal tibial artery originated as 
ie of the terminations of the popliteal artery. It passed directly distad, 
first between the Mm. popliteus and flexor digiti primi (hallucis) 
•ngus beneath the M. tibialis caudalis and later between the Mm. flexor 
gitorum {digitalis) longus and flexor digiti primi {hallucis) longus. It 
tscularized all heads of the M. flexor digitorum (digitalis) profundus 
id the periosteum of the tibia. 
4. The A. tibialis cranialis - The cranial tibial artery assumed the 
stal continuation of the popliteal arter y . It coursed directly distad, 
lnding around the lateral border of the tibia through the interosseous 
>ace of the leg, from its caudal to cranial faces. It continued distad 
ong the craniolateral face of the tibi a betwe e n the apposing borders of 
.e Mm. t i b i alis carnialis and p e roneu s longus. A fter appearing on the 
~aniolateral surface of the t i bia, at the level of t h e proximal fourth of 
.e leg, it gave off several strong muscular branches. Their size, ori-
n and number varied considerably. They vascularized, in a variable 
.anner, the Mm. tibialis cranialis, peroneus longus, peroneus tertius, 
ctensor digitorum(digitalis) longus (including the M. extensor digiti III), 
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Figure 4. Legend 
1. A. iliaca externa 
2. A; circumflexa ilium profunda 
2 '. Ramus as cendens 
2". Ramus descendens 
3. A. profunda femoris 
4 . Truncus p'udendoepigastricus 
4'. A. epigastrica caudalis 
4". A. pudenda externa 
6. A. circumflexa femoris medialis 
6 1 • Ramus obturatorius 
7. A. femor alis 
8. T runcus communis 
8 1 • A. femoris cranialis 
8". A. circumflexa femoris lateralis 
9. A. saphena 
10. A. tarsea lateralis 
11. A. tare'ea medialis 
12. A. plantaris lateralis 
13. A. plantaris medialis 
14. Ramus perforans proximalis 
15. Ramus anastomoticus to Arcus plantaris proximalis profundus 
16. Ramus perforans distalis 
17. Arcus· plantaris distalis 
18. A. digitalis plantaris communis II 
19. A. di gitalis plantaris communis III 
19'. Ramu.s communicans 
20. A. genus des cendens 
21. A. genus suprema 
22. A. femoris caudalis 
22 '. Ramus ascendens 
22". Ramu·s descendens 
23. A. poplitea 
24. A. tibialis caudalis 
25. A. tibialis cranialis 
27'. A. metatarsea dorsalis III 
28. A. digitalis dorsalis pedis communis III 
29. A. digiti III pedis dorsalis medialis 
30. Aa. digitales II et III plant ares propriae 
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Figure 4. The arterial blood supply to the pelvic lumb of the sheep via 
external iliac artery (A. iliaca externa): medial view 
(schematic). 
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14. Ramus perforans proximalis 
25 25 ' 
16. Ramus perforans distalis 
25. A. tibialis cranialis 
14 27 25'. Ramus cutaneus of 
A. tibialis cranialis 
27. A. dorsalis pedis 
28. A. digitalis dorsalis pedis 
communis III 
29. A. digiti III pedis dorsalis 
medialis 
31. A. digiti IV pedis dorsalis 
16 lateralis 
28 
32. Aa. digitales III et IV pedis 
dorsales propriae 
31 29 42. Ramus plantaris 
32 43. A. coronaria 
43 
42 
F i gure 5. Arteries of the distal part of right pelvic limb of shee p: 
do rsal view (schematic). 
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9 
11 10 9. A. saphena 
10. A. tarsea lateralis 
11. A . tarsea medialis 
12. A. plantaris lateralis 
12 13. A. plan ta ri s me diali s 13 14. Ramus perforans proximalis 
16. Ramus perforans distalis 
14 17. Arcus plantaris distalis 
33 s upe rfi ciali s 
17 '. Arcus plantaris distalis 
profundus 
34 36 18. A . digitalis plantaris 
communis II 
19. A . digitalis plantaris 
35 communis III 
19'. Rami communicantes 
29. A. digiti III pedis dorsalis 
17 17 ' medialis 
19 16 30 . Aa. digitales II e t III plantares 
18 37 propriae 
30 38 33 . Arcus plantaris proximalis 
profundus 
39 34. A. metatarsea plantaris II 29 35 . A. metatarsea plantaris III 
36. A. meta tar sea plantaris IV 
37. A. digitalis p lantaris 
40 comrnunis IV 
41 38. Aa. digitales IV et V plantares 
42 propriae 
39. A. digiti IV pedis dorsalis 
lateralis 
40 . Aa. digitales III et IV planta res 
propriae 
41. Ramus pulvinus distalis 
42. Ramus plantaris 
Figure 6. Arterl.es of the distal part of right pelvic limb of shee p: 
plantar view (schema tic). 
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extensor digitorum (digitalis) late ralis and fl exo r digiti primi (hallucis) 
longus. Along with thes e branches aros e the nutrient artery of the tibia 
(A. nutritia tibiae ) which entered the nutri e nt foramen on the proximal 
third of the caudal surface, close to the lateral border. 
The cranial tibial artery descended between the Mm. peroneus tertius 
and extensor digitorum (digitalis) longus and the t ibia. It gradually 
changed its lateral position to cranial as it app r oached the flexor surface 
of the tarsus. O n its cours e it released numerous tiny t w igs to furnish 
the M. extensor digitorum (digitalis) lateralis and the periosteum of the 
tibia. It continued distally over the cranial aspect of the tarsus b e n e ath 
the extensor tendons and the prox imal extensor r e tinaculum (Re tinacu-
lum ext ensorum proximale) as the A . dorsalis pedis, opposite to the 
talocrural articulation. Near the middle of the leg it gave off a long 
slender cutaneous branch which contributed to the Rete tarsi dorsale and 
supplied numerous twigs to the fasci a and skin o n the dorsal aspect of 
the metatarsus along its course . It finally emptied into the A. meta-
tars ea dorsalis III near the fetlock joint. 
O n the cranial aspect of the tarsus , the A. dors alis p edis released a 
twig laterally to participate in the fo rmation of the R e te tarsi dorsale . 
S ome of its twigs also furnished the cranial aspect of the joint capsule of 
the tarsus. Sli ghtly be low the preceding ves sel another branch extended 
medially to anastomos e w ith the medial (articular) branch arising from 
the saphenous arte ry. Thereafter it released a few artic ular t wig s to 
supply the cranial aspect of the capsule of the tars al joint. At the l eve l 
of the tarsometatarsal articulation it gave off the proximal perforating 
branch (Ramus p erforans proximalis) whi ch, after trave rsing the tarsal 
canal, opened i n the media l plantar artery via the Ramus• anastomoticus 
on the plantar aspect of the metatarsus . Following the origin of the 
proximal p e rforating b ranch , the A. dorsalis pedis coursed within the 
longitudinal vascular groo ve as the A . metata rs ea dorsalis III along the 
dorsal surface of the metatarsus u nder cover of the M. exte n sor di g i-
torum (digitalis) bre vis and the tendons of the Mm. extens or digitorum 
(di g italis ) longus and extensor digitorum (di gitalis) late ralis. O n its 
course it r e l eased several small twigs to supply the f ascia, skin, t e ndon 
sheaths and the periosteum of the adjoining dorsal su rfac e . Approx i-
mately at the middle of the metatars us two long, very slender arter ie s 
arose from the parent t r unk and coursed distally, be ing dispos ed on 
either side of the parent artery . Approximately 1. 5 cm above the fetlock 
joint they formed vascular networks from w hich small s l e nder vesse ls 
e xtended distally. Slightly above the fetlock joil'lt the third dorsal meta-
tarsal artery detached the distal perforating branch (Ramus perforans 
distali s) whi ch c ou rs ed through the bony canal and joined the medial 
planta r arte ry and a b ranch of the lateral plantar artery to form the dis -
tal (deep) plantar arch into which the 2nd, 3rd and 4th plantar m e tatarsal 
arteries a l so opene d. 
After giving off the distal p erforating branch the A. metatarsea dor-
sali s III became the A . digitalis pedis dorsalis communis III. The latte r 
vessel continued over the dors al aspect of the fetlo ck joint and at ap-
proximately the middle of th e proximal phalanx gave off three slender 
branches. The proximal one supplied the fascia and skin of th e region, 
while thQ other two descended along the interdigital border of the prin-
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cipal digits as the dorsal proper digital arteries (Aa. digitales III et IV 
pedis dorsales propriae). Its main continuation passed through the in-
digital space and received the continuation of the A. digitalis plantaris 
communis III. 
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A COMPARATIVE MORPHOLOGICAL STUDY OF THE 
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A BS TRACT • T h e b r a c h i a 1 p 1 e x u s d e r i v e s i t s f i b e r s f r o m 
the ventral branch es of the sixth, sev enth and eighth 
cervical and first thoracic nerves in the goat and sheep; 
from the sixth, se venth , eighth cervical and first and 
second thoracic ner ves in the ox and horse; and the 
fifth, sixth, seventh and eighth cervical and first thor-
acic nerves in the pi g. 
The brachia! plexus es of the species studied pre-
sented a twist between the roots of origin proximally, 
extending distally along the nerves emanating from 
the plexus for a variable distance. The twist is in a 
counter-clockwise direction and va ries in extent ac-
cording to the speci es - the goat presenting the ·mos.t 
extensive and clearly defined twist and the sheep, ox, 
pig and horse presenting less definition, respectively. 
The morphological relationships of the components 
of the plexus in the various animals studied are some-
what variable. In the sheep and goat, they are sim~lar 
enough so that the knowledge of one species could be 
applied to the other. There are enough differences in 
the other species, however, that one would experience 
difficulty in attempting to generalize the knowledge 
gained from the aforementioned species to the ox, pig 
or the horse. 
1 Taken in part from a 1966 Ph.D. thesis by Dr. Magilton from the De-
partment of Veterinary Anatomy, Iowa State University of Science and 
Technology, Ames, Iowa. 
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INTRODUCTION 
In recent years, there has been increasing interest in the small rumi-
nants and pig as research animals. In addition, more precise knowledge 
of the ox is desirable from a clinical point of view, particularly in the 
general area of neurology. Electrophysiological studies of nerve func-
tions are advancing with the sophisticcition of electronic equipment. 
Neurectomy , perineural anesthesia, and regional anesthesia by means of 
appropriate anesthetic agents are valuable research and clinical pro-
c edures. As the English literature contains relatively few comparative 
morphological studies of the brachial plexus, it w as deemed desirable to 
reinves tigate the brachial plexus of the goat, sheep, ox, pig and horse. 
The initial phase of the diss e ction was done with the forelimb in situ, in 
order that the applied anatomy could be fully appreciated and investigated. 
In the terminal phase of the dis section (extirpation of the brachial plexus), 
the original relationships of the nerves to each other were maintained. 
MATERIAL AND METHODS 
Ten brachial plexuses were dissected in each of the species. The 
animals were anesthetized using a solution of chlo·ral hydrate and mag-
nesium sulfates and exsanguinated via a cannula in the right carotid 
arte ry. Embalming solution6 w as injected through the cannula after ex-
sanguination was completed. A solution of lead oxide and corn starch7 
was injected via the cannula 48 hours after embalming. 
The lateral approach included three dissections: the first to demon-
strate the brachial plexus emerging between the scalenus muscles; the 
second (extirpated plexus) to demonstrate the ramifications of the nerve 
fibers in the plexus; and the third to demonstrate the nerve roots emerg-
ing from the spinal cord. 
The medial approach was developed to demonstrate the contributing 
roots and emanating nerves, with the forelimb in situ. The specimen 
was divided into symmetrical halves and the first six ribs, sternum and 
serratus ventralis muscle were removed to 'demonstrate the nerves in 
the a xillary space. Portions of the pectoral muscles were removed to 
demonstrat e nerves in the arm region. Exti~pated plexuses of all species 
we re dissected under water to demonstrate the ramifications of the nerve 
fibers from a medial aspect. The underwater dissection approach facili-
tated the differentiation between collagenous fibers and nerve fibers. 
RESULTS 
The brachial plexus derived its fibers (Table 1) from the ventral 
branches of the sixth, seventh and eighth cervical and first thoracic 
(spinal) nerves in the goat (Fig. 1) and sheep (Fig. 2) and, in addition to 
the above, the fifth cervical nerve in the pig (Fig. 3). The sixth, seventh, 
5 Two ounces of each in 500 cc of water. 
6 Isopropyl alcohol, 60%; formalin, 4%; phenol, 6%; corn syrup, 2. 5%; 
7 
H20, 27. 5%. 
Lead oxide, 1 gm; corn starch, 1. 5 pounds; water, 1 gallon. 
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Table 1. O rigins and frequency of the nerves comprising the brachial 
plexus. 
Goat Sheep 
N. suprascapularis 
6- 7 (90%}4 
6 (10% ) 6- 7 (100%) 
Nn. subsca pulares l 
6 - 7 (60% ) 6 - 7 (70% ) 
7 (40% ) 7 (30%) 
Nn . pecto rales z 
7 - 8 ( 8 0% ) 7 - 8 ( l 0 0% ) 
8 (10% ) 
6-7 - 8 (10%) 
Ox 
6- 7 (100%) 
6 - 7 (100% ) 
7 - 8 (90% ) 
7 - 8 - 1 (10% ) 
Pig 
5 - 6 - 7 (100%) 
6- 7 (100% ) 
7 - 8 (90% ) 
7 (10% ) 
Horse 
6-7 (100% ) 
7 (70%) 
6 - 7 (30% ) 
7-8 (80% ) 
7 - 8 - 1 (20% ) 
N . to M. pe ctorali s. cleidoscapularis . 
N . musculocutaneu s 
6- 7 (100% ) 6- 7 (80% ) 
7 - 8 (10% ) 
6 - 7 - 8 (10%) 
N . medianus 
8 - 1 (100% ) 8 - 1 (100% ) 
N . u lnaris 
8 - 1 ( l 0 0% ) 8- l (1 0 0% ) 
N . radialis 
7 - 8 - 1 (100%) 7 - 8 - 1 (100% ) 
N . axillaris 
6- 7 (100% ) 6- 7 (70% ) 
6 - 7 - 8 (20% ) 
7 - 8 ( 100% ) 
N . thoracicus longus 3 
7 - 8 ( 1 0 0% ) 7 - 8 ( l 0 0% ) 
N . thoracodorsalis 
8 (100% ) 8 (90% ) 
7 - 8 (10% ) 
N . thoracicus lateralis 
8-1 (100%) 8 - 1 (100% ) 
6- 7 - 8 (80%) 
6- 7 ( l 0%) 
7 - 8 (10% ) 
6- 7 (100%) 
6 - 7 (90%) 
6 - 7 - 8 ( l 0%) 
7- 8 (100% ) 
7 - 8 (100% ) 
8 - 1- 2 (100% ) 7 - 8- 1 (100% ) 8 -1 - 2 (90% ) 
7-8 - 1- 2 (10% ) 
8 - 1- 2 ( l 00%) 8 - 1 ( l 00% ) 1- 2 (90%) 
l (10% ) 
7 - 8 - 1 (100% ) 7 - 8 - 1 (100%) 8 - 1 (90% ) 
7-8 - 1 (10% ) 
7 - 8 (100% ) 5 - 6- 7 (80% ) 
6 - 7 (20% ) 
7 - 8 (100%) 7 - 8 (100% ) 
7 - 8 (90% ) 7 - 8 ( l 00%) 
8 - 1 (10% ) 
8 - l - 2 ( 8 0% ) 8 - l ( l 0 0% ) 
8 - 1 (-0%) 
7 - 8 (90%) 
6 - 7 - 8 (10% ) 
7 - 8 (100% ) 
8 - 1 (10% ) 
8 (90% ) 
8 - 1 (10% ) 
1 - 2 (80% ) 
8 - 1-2 (20% ) 
1 Cranial branch is derived from the sixth and seventh c e r vical n e r ves ; 
caudal branch is derived from the seventh cervical nerve. 
z Column includes cranial and caudal branches . 
3 Does not e nter the plexus brachialis. 
4 
The percentages were based on 10 specimens fo r each species . 
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and eighth cervical and first and second thoracic nerves comprised the 
fibers making up the brachial plexus in the ox (Fig. 4) and horse (Fig. 5). 
The branches emanating from the plexus in the goat (Figs. 6, 7), sheep 
(Fig. 8), ox (Fig. 9), pig (Fig. 10), and horse (Fig.11) are illustrated and 
are described as follows: 
The suprascapular nerve (N. suprascapularis) derived its fibers.. from 
the sixth and seventh cervical nerves in the goat, sheep, ox and horse 
and from the above mentioned nerves plus the fifth cervical nerve in the 
pig. In the sheep and goat it passed across the lateral face of the plexus 
to the interstice between the Mm. supraspinatus and subscapularis. In 
the ox, pig and horse, the nerve entered the interstice between the · ·o-re-
.ceding muscles in a more cranial position. It innervated the Mm. supra-
spinatus a~d infraspinatus. 
The subscapular nerves (Nn. subscapulares) derived their fibers from 
the sixth and seventh cervical nerves in the goat, sheep, ox and pig and 
chiefly from the seventh cervical nerve in the horse (sometimes from 
the seventh cervical nerve in the goat and sheep and from the sixth and 
seventh in the horse). The subscapular nerves were usually represented 
by two branches. The cranial branch usuallv derived its fibers from the 
sixth and seventh cervical nerves (mostly from the seventh cervical 
nerve in the horse) and was often seen closely associated with the supra-
scapular nerve (N. suprascapularis), finally entering the cranial part of 
the M. subscapularis. The caudal branch derived its fibers from the 
seventh cervical nerve, accompanying the thoracodorsal (N. thoracodor-
salis) or axillary nerve (N. axillaris) or both for a short distance, finally 
disappearing inside the caudal part of the M. subscapulari.s. J;3runi and 
Zimmerl ( 1951) described the inferior subs capular nerve (caudal branch) 
in the ox, arising from the thoracodorsal and axillary nerves as the 
nerve to the M. teres major. 
The pectoral nerves (Nn. pectorales)8 derived their fibers chiefly 
from the seventh and eighth cervical nerves. In the sheep, this occurred 
in .100% of the cases. (In one case in the ox and two cases in the horse 
an additional branch came from the first thoracic nerve. In one case in 
the goat an additional branch came from the sixth cervical nerve and in 
one case the eighth only. In one case in the pig . it came from the seventh 
cervical nerve only.) A separate nerve to the M. pectoralis cleidoscapu-
laris (anterior deep pectoral) was found in the horse derived from the 
seventh and eighth cervical, and in the pig f.rom the sixth and seventh 
cervical nerves. In specimens where the pectoral nerves had more than 
one cervical root of origin they may: join proximal to the axillary (bra-
chia!) artery, cross the lateral face of the vessel, and divide into cranial 
and caudal branches; join distal to the artery (forming a loop under the 
vessel), run together for a short distance without exchanging fibers, and 
separate into cranial and caudal bran~hes ; or exchange fibers in the loop, 
8 According to the minutes of the sessions of the International Commis-
sion on Veterinary Anatomical Nomenclature in July, 1967, in Alfort, 
F ranee, the ',pectoral nerves are designated as cranial and caudal. 
''Those which extend from the caudal part of the Plexus brachialis to the 
M. pectoralis ascendens may be designated Nn. pectorales caudales and 
the remainder Nn. pectorales craniales." 
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course together for a short distance, and divide into cranial and caudal 
branches. An ansa has been observed to form around the axillary (bra-
chial) artery in the goat by the cranial pectoral nerves (Fig. 12). A simi-
lar loop has been described by Ellenberger and Baum ( 1943) in the ox. 
The cranial branch innervated the pectoralis des cendens (anterior 
superficial pectoral) and pectoralis cleidoscapularis (anterior deep pec-
toral) muscles, and sometimes the pectoralis transversus (posterior 
superficial pectoral) muscle. The caudal branch innervated the cranial 
two-thirds of the pec~oralis ascendens (posterior deep pectoral) muscle, 
and sometimes the pectoralis transversus muscle (Fi g . 12). 
Reimers ( l 925b) described a cranial peCtoral nerve III arising from 
the eighth cervical and first thoracic nerves which constituted a common 
trunk with the N. pectoralis caudalis, in the ox, destined to supply the 
lateral thoracic wall and abdominal musculature. Near the shoulder joint 
the cranial pectoral nerve III separated from the N. thoracoventralis. 
Bruni and Zimmer! (1951) described the ventral thoracic, or pectoral, 
nerves as usually consisting of five, the last three being detached from 
the external thoracic nerve. Sisson and Grossman(1953) described these 
nerves as muscular branches of the external thoracic nerve in the horse. 
The muscu_!_ocutaneq~s nerve (N. musculocutaneus) derived its fibers 
from the 6th and 7th cervical nerves in the goat~chiefly from the 6th and 
7th cervical in the sheep and pig, chiefly from the 6th, 7th and 8th cer-
vical in the ox and from the 7th and 8th cervical nerves in the horse. It 
crossed the lateral face of the axillary (brachia!) artery in the axillary 
region, and joined the median nerve (N . medianus) to form a loop (Ansa 
axillaris) under the vessel. It gave branches to the Mm. coracobra-
chialis and biceps brachii near the shoulder joint by means of its proxi-
mal muscular ramus (Ramus muscularis proximalis) and continued down 
the limb in company with the median nerve. Usually the musculocutane-
ous nerve was associated with the cranioventral edge of the median nerve 
in the axillary space and along the cranial edge of the same nerve in the 
region of the arm. Within the distal half of the arm at the level of the 
tendon of insertion of the superficial part of the M. coracobrachialis on 
the humerus, · it separated from the median nerve and terminated as the 
distal muscular ramus (Ramus muscularis distalis) of the musculocuta-
neous nerve to the M. · brachialis and the medial cutaneous nerve of the 
forearm (N. cutaneus antebrachii medialis). 
The course of the latter nerve in these species has been described 
by Ghoshal and Getty (1967a, 1967b, 1967c). Our observations concur 
with Koch ( 19 65) that in some cases the musculocutaneous nerve con-
tributed fibers _!~the median nerve ; in other cases it exchanged fibers 
with the latter nerve. Brun:i -and Zimmerl (1951) and Sisson and Gross-
man ( 1953) in the horse, and May ( 1964) in the sheep, stated that it gave 
a branch to the pectoral ner ves. Bruni and Zimmerl ( 1951) and McLeod 
(1958), in the ox, stated that it detached a branch to the median nerve 
and supplied the Mm. coracob.rachialis and biceps brachii. Sis son and 
Grossman (1953) asserted that a great part of the nerve united with the 
median nerve in the horse under the axillary (brachia!) artery, detached 
branches to the Mm. coracobrachialis, biceps brachii and pectorales. 
In some cases, it sent a branch to join the cutaneous brk.nch of the me-
dian nerve. In one specimen each of the goat, pig and horse the muscu-
locutaneous nerve w as completely separable from the median nerve and 
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Figure 1. Legend 
a A . axillaris 
VI Ramus ventralis n. c e r vicalis VI 
VII Ramus ventralis n. c e r vi c alis VII 
VIII Ramus ventralis n . c e r v icalis VIII 
I Ramus ventralis n . thoracalis 
9 N . thoracicus longus 
G roup A 
N. suprascapularis 
2 N . subscapularis (cranial branch) 
2 1 N . subscapularis (caudal branch) 
7 N . radialis 
8 N. axillaris 
Group B 
8' N . axillaris (to M . teres major) 
10 Nn. thoracodorsale s 
3 N . pectoralis cranialis (cranial branch) 
3' N . pectoralis cranialis (caudal branch) 
4" Ramus muscularis prox imalis n . mus culocutanei 
Group C 
4" 1 Ramus muscularis distalis and N . cutan eus 
a n te brachii medialis n . mus culocutanei 
5 N . medianus 
6 N . u lnaris 
11 N . thoracicus lateralis 
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Figure 1. The Plexus brachialis in the caprine (lateral view): partially 
pulled apart. 
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Figure 2. Legend 
VI 
VII 
VIII 
I 
9 
12 
Group A 
2 
2' 
7 
Group B 
8 
8' 
10 
3 
3' 
4" 
Group C 
4"' 
5 
6 
11 
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Ramus ventralis n. cervicalis VI 
Ramus ventralis n> cervicalis VII 
Ramus ventralis n. cervicalis VIII 
Ramus ventralis n. thoracalis I 
N. thoracicus longus 
N. phrenicus (origin from the ventral ramus of 
the sixth spinal cervical root) 
N. suprascapularis 
N. subscapularis (cranial branch) 
N. sub~ capularis (caudal branch) 
N. radialis 
N. axillaris 
N. axillaris (to M. teres major) 
N. thoracodorsalis 
N. pectoralis cranialis (cranial branch) 
N. pectoralis cranialis (caudal branch) 
Ramus muscularis proximalis n. musculocutanei 
Ramus muscularis distalis and N. cutaneus 
antebrachii medialis n. musculocutanei 
N. medianus 
N. ulnaris 
N. thoracicus lateralis 
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Figure 2. The Plexus brachialis in the ovine {lateral view): partially 
pulled apart. 
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Figure 3. Legend 
v 
VI 
VII 
VIII 
I 
9 
12 
1 
2 
2' 
3 
3' 
4" 
4"' 
5 
6 
6' 
7 
8 
8' 
10 
11 
13 
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Ramus ventralis 
Ramus ventralis 
Ramus ventralis 
Ramus ventralis 
n. 
n. 
n. 
n. 
cervicalis V 
cervicalis VI 
cervicalis VII 
cervicalis VIII 
Ramus ventralis n. thoracalis I 
N. thoracicus longus 
N. phrenicus 
N. suprascapula.ris 
N. subscapularis (cranial branch) 
N. subscapularis (caudal branch) 
N. pectoralis cranialis (cranial branch) 
N. pectoralis cranialis (caudal branch) 
Ramus muscularis proximalis n. musculocutanei 
Ramus muscularis distalis and N. cutaneus 
antebrachii medialis n. musculocutanei 
N. medianus 
N. ulnaris 
N. ulnaris (cutaneous branch) 
N. radialis 
N. axillaris 
N. axillaris (to M. teres major) 
N. thoracodorsalis 
N. thoracicus lateralis (one of several branches) 
Branch of the N. musculocutaneus joining the 
N. medianus 
A COMPARATIVE MORPHOLOGICAL STUDY 255 
Figure 3. The Plexus brachialis in swine {lateral view): partially 
pulled apart. 
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Figure 4. Legend 
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Ramus ventralis 
Ramus ventralis 
Ramus ventralis 
Ramus ventralis 
n. 
n. 
n. 
n. 
cervicalis 
cervicalis 
cervicalis 
thoracalis 
VI 
VII 
VIII 
I 
Ramus ventralis n. thoracalis II 
N. thoracicus longus 
N. phrenicus (origin from the ventral ramus of the 
sixth spinal cervical root) 
N. suprascapularis 
N. subscapularis (cranial branch) 
N. subscapularis (caudal branch) 
N. pectoralis cranialis (cranial branch) 
N. pectoralis cranialis (caudal branch) 
Ramus muscularis proximalis n. musculocutanei 
Ramus mus cularis distalis and N. cutaneus 
ante brachii medialis n. mus culocutanei 
N. medianus 
N. ulnaris 
N. ulnaris (cutaneous branch) 
N. radialis 
N. axillaris 
Nn. axillares (to M. teres major) 
N. thoracodorsalis 
N. thoracicus lateralis 
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Figure 4. The Plexus brachialis in the bovine (lateral view): partially 
pulled apart. 
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Figure 5. Legend 
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Ramus ventralis n. cervicalis VI 
Ramus ventralis n. cervicalis VII 
Ramus ventralis n. cervicalis VIII 
Ramus ventralis n. thoracalis I 
Ramus ventralis n. thoracalis II 
N. thoracicus longus 
N. suprascapularis 
Nn. subs capulares 
N. pectoralis cranialis (cranial branch) 
N. pectoralis cranialis (caudal branch) 
Nn. pectorales craniales (to M. pectoralis 
cleidos capularis) 
Ramus muscularis distalis and N . cutaneus 
antebrachii medialis n. musculocutanei 
N. median us 
N. ulnaris 
N. ulnaris (cutaneous branch) 
N. radialis 
N. axillaris 
Nn. axillares (to M. teres major) 
N. thoracodorsalis 
N. thoracicus lateralis 
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Figure 5. The Plexus brachialis in the equine (lateral view): partially 
pulled apart. 
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Figure 6. Legend 
a A. axillaris h M. latissimus dorsi 
b 
c 
d 
e 
£ 
g 
Vertebra cervicalis VII M. pectoralis ascendens 
Os costale I j M. pectoralis cleidoscapularis 
M. 
M. 
M. 
M. 
s calenus dorsalis k M. pectoralis transversus 
supraspinatus M. pectoralis 
subs capularis n Ln. axillaris 
teres major v v. axillaris 
VI 
VII 
VIII 
I 
9 
Ramus ventralis n. cervicalis VI 
Ramus ventralis n. cervicalis VII 
Ramus ventralis n. cervicalis VIII 
Ramus ventralis n. thoracalis I 
N. thoracicus longus 
descendens 
Group A 
N. suprascapularis 
2 N. subscapularis (cranial branch) 
2' N . subscapularis (caudal branch) 
7 N. radialis 
Group B 
8 N. axillaris 
8' N. axillaris (to M. teres major) 
10 N. thoracodorsalis 
3 N. pectoralis cranialis (cranial branch) 
3' N. pectoralis cranialis (caudal branch) 
Group C 
4 N. mus culocutaneus 
4' N. musculocutaneus 
5 N. median us 
6 N. ulnaris 
11 N. thoracicus lateralis 
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Figure 6. The Plexus brachialis in the caprine (medial view, schematic). 
(The forelimb is in the normal position and the thoracic wall 
has been removed). 
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Figure 7. Legend 
a A. axillaris 
g M. teres major 
M. pectoralis ascendens (most of muscle removed) 
j M. pectoralis cleidoscapularis 
k M. pectoralis transversus 
M. pectoralis des cendens 
o M. tensor f asciae ante brachii 
p M. triceps brachii (ca put longum) 
q M. triceps brachii (caput mediale) 
r M. coracobrachialis 
s 
4 and 5 
4" 
4"' 
5 
6 
6' 
6" 
7 
7' 
7" 
7"' 
M. biceps brachii 
Nn. mus culocutaneus and medianus (common trunk) 
Ramus muscularis proximalis n. musculocutanei 
Ramus muscularis distalis and N. cutaneus 
antebrachi i medialis n. musculocutanei 
N. medianus 
N. ulnaris 
N. ulnaris (muscular branch) 
N. cutaneus ante brachii caudali s n. ulnaris 
N. radialis 
N. radialis (part which lies in the musculospiral 
groove) 
N. radialis (to M. triceps brachii, proximal part of 
caput longum) 
N. radialis (to M. tensor fasciae antebrachii) 
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Figure 7. The brachium in the caprine (medial view, schematic). 
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Figure 8. Legend 
a A. axillaris p M. triceps brachii (ca put 
e M. supras pinatus longum) 
f M. subscapularis q M. triceps brachii (ca put 
g M. teres major mediale) 
h M. latissimus dorsi r M. coracobrachialis 
M. pectoralis ascendens s M. biceps brachii 
0 M. tensor fasciae antebrachii v v. axillaris 
VI 
VII 
VIII 
Ramus ventralis n. cervicalis VI 
Ramus ventralis n. cervicalis VII 
Ramus ventralis n. cervicalis VIII 
Ramus ventralis n. thoracalis I I 
9 
Group A 
2 
2' 
7 
7' 
7" 
Group B 
7'" 
7'"' 
8 
8' 
10 
3 
3' 
4 
4' 
4" 
Group C 
4"' 
5 
6 
6' 
' 6" 
i 1 
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N. subscapularis (cranial branch)' 
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N. radialis (to M. triceps brachii, distal part of 
caput longum) 
N. radialis (to M. tensor fasciae antebrachii) 
N. axillaris 
N. axillaris (to M. teres major) 
N. thoracodorsalis 
N. pectoralis cranialis (cranial branch) 
N. pectoralis cranialis (caudal branch) 
N. mus culocutaneus 
N. musculocutaneus (joining N. medianus) 
Ramus mus cularis proximalis n. mus culocutanei 
Ramus muscularis distalis and N. cutaneus 
antebrachii medialis n. musculocutanei 
N. medianus 
N. ulnaris 
N. ulnaris (muscular branch) 
N. cutaneus ante brachii caudalis n. ulnaris 
N. thoracicus lateralis 
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Figure 8. The Plexus brachialis in the ovine {medial view, schematic). 
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Figure 9. 
a A. 
e M. 
f M. 
g M. 
h M. 
M. 
0 M. 
Legend 
axillaris p M. triceps brachii (ca put 
supras pinatus longum) 
subscapularis q M. triceps brachii (ca put 
teres major mediale) 
latissimus dorsi r M. coracobrachialis 
pectoralis ascendens s M. biceps brachii 
tens or fas ciae ante orachii v v. axillaris 
VI Ramus ventralis n. cervicalis VI 
VII Ramus ventralis n. cervicalis VII 
VIII Ramus ventralis n. cervicalis VIII 
I Ramus ventralis n. thoracalis 
II Ramus ventralis n. thoracalis II 
N. suprascapularis 
2 N. subs capularis (cranial branch) 
2' N. subscapularis (caudal branch) 
3 N. pectoralis cranialis (cranial branch) 
3' N. pectoralis cranialis ( candal branch) 
4 N . mus culocutaneus 
4" Ramus muscularis proximalis n. musculocutanei 
4"' Ramus muscularis distalis and N . cutaneus 
antebrachii medialis n. musculocutanei 
5 N. medianus 
6 N. ulnaris 
6' N. ulnaris (muscular branch) 
6 11 N . cutaneus antebrachii caudalis n. ulnaris 
7 N. radiali s 
7' N. radialis (part which lies in the musculospiral 
groove) 
7" N. radialis (to M. triceps brachii, proximal part of 
caput longum) 
7 "' N . radialis (to M. triceps brachii [distal part of caput 
longum] and M . tensor fasciae antebrachii) 
8 N. axillaris 
8' N. axillaris (to M. teres major) 
9 N. thoracicus longus 
10 N. thoracodorsalis 
11 N . thoracicus lateralis 
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Figure 9. The Plexus brachialis in the bovine (medial view, schematic). 
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Figure 10. 
a A. 
e M. 
f M. 
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h M. 
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Legend 
0 M. tensor fasciae antebrachii 
axillaris p M. triceps brachii (ca put 
supraspinatus longum) 
subs capularis q M. triceps brachii (ca put 
t.eres major mediale) 
latissimus dorsi r M. coracobrachialis 
pectoralis ascendens s M. biceps brachii 
pectoralis cleidoscapularis v v. axillaris 
v Ramus ventralis n. cervicalis v 
VI Ramus ventralis n. ce rvicalis VI 
VII Ramus ventralis n. cervicalis VII 
VIII Ramus ventralis n. cervicalis VIII 
Ramus ventralis n. thoracalis I 
1 N. suprascapularis 
2 N. subscapularis (cranial branch) 
2' N. subscapularis (caudal branch) 
3 N. pectoralis cranialis (cranial branch) 
3' N. pectoralis cranialis (caudal branch) 
3" N. pectoralis cranialis (to M. pectoralis 
cleidos capularis) 
4 N. musculocutaneus 
4"' Ramus muscularis distalis and N. cutaneus 
antebrachii medialis n. musculocutanei 
5 N. medianus 
6 N. ulnaris 
6' N. ulnaris (muscular branch) 
6 11 N. cutaneus ante brachii caudalis n. ulnaris 
7 N. radiali s 
7 1 N. radialis (part w hich lies in the ,musculospiral 
groove) 
7' ' N . radialis (to M. triceps brachii, proximal part of 
caput longum) 
7"" N. radialis (to M. tensor fasciae antebrachii) 
8 N. axillaris 
8' N. axillaris (to M. te res major) 
9 N. thoracicus longus 
10 N. thoracodorsalis 
11 N. thoracicus lateralis 
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Figure 10. The Plexus brachialis in the swine (medial view, schematic). 
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Figure 11. 
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Legend 
axillaris M. pectoralis cleidoscapularis 
supraspinatus 0 M. tensor fas ciae ante brachii 
subscapularis r M. coracobrachialis 
teres major s M. biceps brachii 
latissimus dorsi v v. axillaris 
pectoralis ascendens 
VI Ramus ventralis n. cervicalis VI 
VII Ramus ventralis n. cervicalis VII 
VIII Ramus ventralfs n. cervicalis VIII 
I Ramus ventralis n. thoracalis I 
II Ramus ventralis n. thoracalis II 
N. suprascapularis 
2 
2' 
N. subscapularis (cranial branch) 
N. subscapularis (caudal branch) 
3 
3" 
4 
4" 
4"' 
N. pectoralis cranialis (cranial branch). 
N. pectoralis cranialis (to M. pectoralis 
cleidos capula ris) 
N. musculocutaneus 
Ramus mus cularis proximalis n. mus culocutanei 
Ramus muscularis distalis and N. cutaneus 
antebrachii medialis n. musculocutanei 
5 N. medianus 
6 N. ulnaris 
6' N. ulnaris (muscular branch) 
6 11 N. cutaneus ante brachii caudalis n. ulnar is 
7 N. radialis 
7' N. radialis (part which lies in the musculospiral 
groove) 
7" N. radialis (to M. triceps brachii, proximal part 
of caput longum) 
7111 N. radialis (to M. triceps brachii [distal part of 
caput longum] and M. tensor fasciae antebarchii) 
8 N. axillaris 
8' N. axillaris (to M. teres major) 
9 N. thoracicus longus 
10 N. thoracodorsalis 
11 N. thoracicus lateralis 
11' N. thoracicus lateralis (pectoral branches) 
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Figure 11. The Plexus brachialis in the equine {medial view, schematic). 
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3 
3 - 3' 
Figure 12. Variations of the Nn. pectorales craniales in the caprine 
(schematic). 
a A. axillari s 3' N. pectoralis cranialis 
M. pectoralis ascendens (caudal branch) 
j M. pectoralis cleidos ca pula ris 4 N. musculocutaneus 
k M. pectoralis transversus 4' N. mus culocutaneus (joining 
1 M. pectoralis descendens the N. medianus) 
3 N. pectoralis cranialis 5 N. median us 
(cranial branch ) 6 N. ulnaris 
11 N. thoracicus lateralis 
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in these cases the distal muscular ramus and the medial cutaneous nerve 
of the forearm arose from the distal continuation of the musculocutane-
ous nerve itself. 
According to Graeger ( 1957) the musculocutaneous nerve has its lar-
ger contribution for the innervation of the elbow joint, in the ox, by fila-
ments which are derived from the so-called distal muscular ramus. 
Gigov ( 1964) related that the mus culocutaneous nerve supplied the dorso-
medial aspect of the capsule of the elbow joint in the ox. 
The median nerve (N. medianus) derived its fibers from the eighth 
cervical and first thoracic nerves in the goat and sheep, primarily from 
the preceding plus the second thoracic in the ox and horse and from the 
seventh and eighth cervical and first thoracic nerves in the pig. It 
crossed the medial face of the axillary (brachia!) artery and formed a 
loop (Ansa axillaris) with the musculocutaneous nerve in the axillary 
region. It was separated from the brachia! artery by the ulnar nerve as 
the three structures crossed the lateral face of the brachia! vein near 
the minor (medial) tuberosity of the humerus (except in the horse where 
the median nerve, laterally, and the ulnar nerve, medially, passed on 
opposite sides of the l;>rachial and subscapula r veins. It was related 
cranially first to the M. coracobrachialis and then to the M. biceps 
brachii as it descended in the arm region. 
According to Graeger ( 1957) the median nerve supplied the cranio-
medial and caudal regions of the medial humeral condyle of the capsule 
of the elbow joint of the ox, whereas Gigov (1964) stated that it supplied, 
in general, the medial aspect of the joint. 
The ulnar nerve (N. ulnaris), derived its fibers from the eighth cer-
vical and first thoracic nerves in the goat, sheep and pig ; from the second 
thoracic nerve, in addition to the above, in the ox; and chiefly from the 
first and second thoracic nerves in the horse. In the goat, sheep, ox and 
pig it descended over the medial face of the brachia! artery , in company, 
with the median nerve, in the axillary region. At the level of the middle 
third of the arm it inclined caudally and eras sed the medial face of the 
brachia! artery again and the caudally placed brachia! vein. After cross-
ing the latter mentioned vessels it divided into muscular and cutaneous 
branches (N. cutaneus antebrachii caudalis) which were distributed be-
low the elbow. In the horse the ulnar nerve was found in closer proxi-
mity to the radial nerve than to the median nerve. Bruni and Zimmer! 
( 1951) stated that it released a branch to the thick extensor of the fore-
arm. 
According to Graeger ( 1957) the ulnar nerve gives off an articular 
branch in the ox which, after p~s sing between the Epicondylus flexorius 
humeri and the medial surface of the olecranon process, enters in the 
capsule of the elbow joint. Gigov (1964) stated that the ulnar nerve in-
nervated the caudornedial aspect of the elbow joint capsule in the ox. 
The radial nerve (N. radialis) d~rived its fibers from the seventh and 
eighth cervical and first thoracic nerves in the goat, shee p, OX and pig, 
and chiefly from the eighth cervical and first thoracic in the horse (in 
one out of ten specimens it was derived from the same nerves as in the ' 
other four species). It inclined downward and backward, related laterally 
to the subscapular and thoracodorsal arteries and medially to the ex-
ternal thoracic vein, to the interval between the M. teres major and the 
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long and medial heads of the M. triceps brachii. It passed laterally in 
this area to gain the musculospiral groove of the humerus and while tra-
versing detached cutaneous twigs (Nn. cutanei brachii laterales caudales) 
to the fascia and skin of the lower part of the lateral aspect of the arm. 
At a variable distance above the elbow it divided into a superficial and a 
deep branch near the cranial border of the lateral head of the M. triceps 
brachii. These terminal branches were distributed below. the elib.ow and 
are described in detail in all species by Ghoshal and Getty (1967a, 1967b: 
1967c). Along its course, in the region of the arm, it released several 
twigs to supply the extensors of the elbow joint, viz. Mm. triceps bra-
chii, tensor fasciae antebrachii and anconeus. Besides, Reimers (1925a) 
asserted that in about half of the cases, i,il the ox, the deep branch of the 
radial nerve released a delicate twig for the M. brachialis. Reimers 
(1925a) descri bed a branch of the deep branch of the radial nerve inner-
vating the M. brachialis in about half of the cases in the pig. Ghoshal 
and Getty (1967c) also observed radial innervation to this muscle in the 
pig, similar to that of Reimers. According to Reimers ( l 925b), Grau 
(1934), Nickel (1941), Sisson and Grossman (1953) and Koch (1965) the 
deep branch of the radial nerve, in addition to the extensors of the car-
pus and digit, furnished an inconstant branch for the M. brachialis in the 
horse. Gigov (1964) asserted that the radial nerve innervated the dorso-
caudal aspect of the capsule of the elbow joint in the ox. 
The axillary nerve (N. axiHaris) derived its fibers from the sixth and 
seventh cervical nerves in the goat and chiefly from the same in the 
sheep, chiefly from the fifth, sixth and seventh cervical nerves in the 
pig, from the seventh and eighth cervical nerves in the ox, and chiefly 
from the same in the horse as that of the ox. It dipped between the sub-
scapular artery and muscle and passed laterally behind the shoulder 
joint to which it furnished several twigs in a variable manner. It gave 
branches to the flexor muscles of the shoulder (Mm. teres major, teres 
minor, aieltoideus and caudal part of the M. subscapularis). A branch 
passed cranioventrally, first between the M. teres minor and the acro-
mial part of the M. deltoideus, then between the latter muscle and the 
interval between the lateral and deltoid tuberosities of the humerus, and 
entered the M. brachiocephalicus. The cutaneous branch of the axillary 
nerve .. ~( N. cutaneus antebrachii cranialis> frequently emerged be-
tween the two parts of the M. deltoideus in the goat, sheep, ox and pig, 
while in the horse between the M. deltoideus and the long head of the M. 
triceps brachii. In the sheep and ox sometimes it was observed to 
emerge similar to that of the horse. During its course, in the region of 
the arm, it released cutaneous twigs (Nn. cutanei brachii laterales cra-
niales) to innervate the fascia and skin on the upper part of this region, 
crossed obliquely the distal extremity of the M. brachiocephalicus, 
passed deep to the cephalic vein, and terminated variably below the 
elbow joint as the cranial cutaneous nerve of the forearm. 
According to Graeger (1.957) the axillary nerve alone supplied the 
capsule of the shoulder joint in the ox, while Gigov (1·964) asserted that 
it innervated the caudal and medial walls of the joint. 
The long thoracic nerve (N. thoracicus longus) derived its fibers from 
the seventh and eighth cervical nerves in the goat, sheep, ox and pig, and 
cniefly from the same nerves in the horse. It did not enter the plexus, 
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but coursed laterally between the Mm. scalenei in a variable manner. It 
was distributed to the M~ serratus ventralis thoracis (also the M. ser-
ratus ventralis cervicis in the goat). 
The thoracodorsal nerve (N. thoracodorsali s) derived its fibers from 
the eighth cervical nerve in the goat, chiefly from the eighth cervical 
nerve in the sheep and horse, from the seventh and eighth cervical nerves 
in the pig, and chiefly from the same nerves in the ox as in the pig. It 
was distributed to the M. latis simus dorsi and, according to May ( 1964), 
it also innervated the Mm. teres major and pectoralis profundus in the 
sheep. 
The lateral thoracic nerve (N. thoracicus lateralis) (external thoracic 
nerve) derived its fibers from the eighth cervical and first thoracic 
nerves in the goat, sheep and pig, chiefly from the above nerves in the 
ox, plus the second thoracic nerve. In the horse, the lateral thoracic 
nerve derived its fibers largely from the first and second thoracic nerves. 
It was joined by cutaneous branches of the intercostal nerves along its 
caudal course. It innervated the skin on the lateral thoracic wall and 
lower abdominal region to the flank, and extended to the midventral line, 
innervating the Mm. preputialis cranialis et caudalis in the ruminants. 
In addition, it innervated the M. cutaneus trunci. 
DISCUSSION 
The supras capular nerve (N. suprascapularis) innervated the cranial 
and lateral aspects of the capsule of the shoulder joint in the ox (Gigov, 
1964), whereas Graeger ( 1957) stated that the should.er joint capsule is 
supplied entirely by the axillary nerve (N. axillaris ). 
The pectoral nerves (Nn. pectorales), arising from the brachia! plex-
us, are very controversial. Confusion exists in the veterinary literature 
in naming the nerves to the pectoral musculature. Reimers ( l 925b) de-
scribed six pectoral nerves, as a rule, in the ruminants, six to eight 
pectoral nerves in the pig, and seven to nine pectoral nerves in the horse. 
The nerves supplying the pectoral muscles were designated by Reimers 
( l 925a) as the. Nn. pectorales craniales, which were three in the rumi-
nants and three to five in the pig and horse; those innervating primarily 
the muscles of the thoracic wall were the Nn. pectorales caudales, which 
were three in the ruminants and pig and four in the horse. Sisson and 
Grossman (1953) and Koch (1965) stated that the anterior thoracic or 
pectoral nerves represent three or four nerves in the horse. 
According to the July, 1967, minutes of the International Commission 
on Veterinary Anatomical Nomenclature8 , the pectoral nerves are the 
nerves to the pectoral muscles. Those which extend from the caudal 
part of the brachia! plexus to the M. pectoralis ascendens may be desig-
nated Nn. pectorales caudale s and the remainder as Nn. pectorales cra-
niales. In view of this recent recommendation, the long thoracic, thora-
codorsal and lateral thoracic nerves should not be included under the 
caudal pectoral nerves, as these nerves do not solely innervate the 
pectoral muscles. 
Reimers (1925b) described three cranial pectoral nerves in the rumi-
nants. The cranial pector.al nerve I arose essentially from the seventh 
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cervical, with an occasional contribution from the sixth thoracic in the 
ox, whereas it derived fibers only from the seventh cervical in the sheep 
and goat. The cranial pectoral nerve II derived fibers from the eighth 
cer:Vical and, in exceptional cases, from the first thoracic in the ox, 
while in the sheep and goat it derived fibers from both the above men-
tioned nerves. The cranial pectoral nerve III derived fibers from the 
eighth cervical and first thoracic and constituted a common trunk with 
the N. pectoralis caudalis destined to supply the lateral thoracic wall and 
abdominal musculature in the ruminants. Near the shoulder joint the 
cranial pectoral nerve III separated from the N. thoracoventralis. An 
accessory cranial pectoral nerve III arose with the preceding nerve, 
having similar origin, course and area of innervation in the bovine, sheep 
and goat. According to Reimers ( l 925b) these nerves ramified in the 
superficial and deep pectoral muscles. Ellenberger and Baum (1943) 
' described a cranial thoracic nerve I to the M. pectoralis cleidoscapu-
laris. Sisson and Grossman (1953) and Koch (1965) described that the 
c·ranial pectoral nerves innervated the Mm. pectoralis cleidoscapularis, 
pectoralis superficialis and usually a twig to the M. pectoralis ascendens. 
The ventral branch of our lateral (external) thoracic nerve corre-
sponds to Reimers ( l 925b) N. thoracoventralis. According to him the 
thoracoventral nerve derived fibers from the eighth cervical and first 
thoracic nerves in the ox and formed a common trunk with cranial pec-
toral nerve III. With it arose another nerve which was not very easy to 
separate-the N. thoracicus lateralis-which ramified partly in the M. 
cutaneus trunci and the skin on the caudoventral limit of the M. latis si-
mus dorsi uniting with a twig of the N. intercostalis II around the caudal 
border of the triceps group to ramify in the skin lateral to the shoulder 
and arm. The dorsal branch of our lat"'ral (external) thoracic nerve, 
which corresponded with the N. thoracolateralis of Reimers (1925b), was 
joined by cutaneous branches of the intercostal nerves from the second 
intercostal caudally for a variable distance. Following the above con-
nection, according to Reimers ( l 925b), the nerve corresponded to the N. 
inte rcostobrachialis of man. Larson and Kitchell ( 1958) stated that the 
lateral cutaneous rami of the inte rcostal nerves consistently anastomosed 
with the external (lateral) thoracic nerve in the bull and ram. Results 
of their electrophysiological studies revealed that the external thoracic 
nerve w as the motor supply to the Mm. preputialis cranialis et caudalis, 
while the cutaneou-s rami of the intercostal nerves, w hich joined the ex-
ternal thoracic nerve, were sensory in function. 
Miller et al. ( 1964) designated, in the dog, the ventral thoracic nerves 
as representing all of the motor nerves to the pectoral musculature and 
the cutaneous trunci. Bruni and Zimmerl (1951) stated that the anterior 
pectoral nerves usually consisted of five, the last three were detached 
from the external thoracic nerve. Bruni and Zimmerl's inclusion of all 
of the nerves as ventral thoracic seemed more logical than calling part 
of them anterior pectoral and part of them ventral thoracic nerve. On 
the other hand the term "ventral thoracic" was not precise enough in 
view of the fact that the nerves in question supply a specific group of 
muscles, viz. pectorals. Sisson and Grossman (1953) described these 
nerves as muscular branches of the external thoracic nerve in the horse. 
The musculocutaneous nerve (N. musculocutaneus) formed a loop 
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(Ap.sa axillaris) with the median nerve, ventral to the a xillary (brachial) 
artery in the a xi llary.space. From this loop a branch aros e w hich cours-
ed between the superficial and deep parts of the M. coracobrachialis and 
furnished the preceding muscle and the M. biceps brachii. This branch 
of the muscu locutaneous nerve should be designated as the proximal 
muscular ramus (Ramus muscularis proximalis) (Reimers l 925b; Ellen-
ber.ger and Baum 1943 ; Dobbe rstein and Hoffmann 1964; Ko ch 1965 ). 
According to Reimers (1925b), Ellenberger and Baum (1943) , Dobber-
stein and Koch ( 195 8) and Koch ( 1965) the Ramus mus culocutaneus of the 
median nerve should be regarded as the distal muscular ramus (Ramus 
muscularis distalis) of the musculocutaneous nerve, for comparative 
reasons. 
The radial nerve (N. radialis), acco rdin g to Gigov (1 964), supplied the 
dorsocaudal aspect of the capsule .of the e lbow joint in the ox, in addition 
to the musculocutaneous, median and ulnar nerves, but Graeger (1957) 
did not mention the radial inne r vation to this joint. 
In all animals, the deep branch (Ramus profundus) gave off the mus-
cular branches to the extensors of the elbow joint in addition to cutaneous 
branches in the reg ion of the arm. Besides, Reimers (1925a) asserted 
that in about half of the cas es in the ox and pig the radial nerve gave off 
a delicate t w ig to the M. brachialis, clos e to its insertion. Reimers 
(1925b), Grau (1934), Nickel (1 94 1), S isson and Grossman (1953), and 
Koch ( 1965) described an inconstant twig for the M. brachialis from the 
radial nerve in the horse. Ghoshal and Getty ( l 967c) observed this radial 
innervation to the M. brachialis only in the pig . The M. brachialis is a 
flexor of the elbow, whereas the radial nerve, in general , supplied the 
extensor muscles of the elbow, carpus and the digital joints. This in-
nervation allows us to recognize the r emnant of the previous ly present 
M . brachioradialis w hich is fused wit h the M . brachialis. 
According to Graeger ( 1957) and Gi gov ( 1964 ) the musculocutaneous, 
median and ulna.r nerves took part in the innervation of the capsule of the 
e lbow join t in the ox. However , Graeger ( 1957) mentioned that the arti-
cular branches of the m e dian and ulnar ner ves were inconstantly d e -
ve loped arid, therefore, cou ld not be revealed in all specimens of the ox. 
The a xillary nerve (N. a xi llar is ), in all animals, furnished the fl exor 
muscles of the shoulder joint and the Pars clavicularis (Re ime rs l 925b) 
or Pars cleidobrachialis (Romer 1962 ; Koch 1965) of the M. brachio-
cephalicus. The latte r originally w as part of the M. deltoideus (clavicu-
lar deltoid) w hich became fused w ith the M. cleidomastoide us as a result 
of the reduction in the siz e of the cla vi cle. In view of this fact, the in-
nervation of the M. brachioce phalicus by an a xi llary ner ve w as in accor-
dance with the statement that the latter nerve supplied the flexors of the 
shoulder. Moreove r, Bruni and ·Zimmer! ( 1951) d es cr ibed an a xi llary 
twig innervating the M. brachialis in the horse which we could not de-
monstrate in our specimens. 
According to Graeger ( 1957) the axillary nerve alone supplied the 
shoulder joint in the ox, but Gigov (1964) ass e rted that the axillary n e rve 
furnished the caudal and medial w alls of the joint, w h ereas the cranial 
and lateral aspects we re entirely innervated by the suprascapular n e r ve. 
Graeger (1957) stated that the axillary nerve divided o n the fl exo r 
surface of the shoulder joint capsule and the l ong h e ad of the M. triceps 
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brachii. But, according to Reimers ( l 925b), Martin and Schauder ( 1938) 
and Ellenberger and Baum (1943), the axillary nerve divided into four 
twigs on the lateral side of the shoulder joint and, indeed, on the medial 
surface of the M. deltoideus. 
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BOOK REVIEW 
Letters on Wave Mechanics. Edited by K . Przibram of Vienna - 75 pp. 
Philosophical Library, Inc., 15 E. 40th St., New York, N. Y. 10016, 
1967. $ 6. 00. 
As stated by the advertisers, this book consists of twenty-one letters 
exchanged between Schroedinger and three of his outstanding contem-
poraries: Max Planck, the original inventor of the quantum concept; 
H. A. Lorentz, Holland's great theoretical physicist; and Albert Einstein. 
The letters, most of them written immediately after the publication of 
Schroedinger's papers, give a vivid picture of first reactions to a major 
scientific idea, and show four great minds in action. 
(The book) Letters on Wave Mechanics represents the first transla- · 
tion into English of one of modern history's most significant exchanges 
of thought among four of the world 's greatest physicists. In addition to 
their scientific import, there is demonstrated in these communications 
much of the personality of these four congenial men. 
These twenty-one letters date from the spring of 192 6 and, as expected, 
give the reactions of Planck , Einstein, and Lorentz to Schroedinger 1 s 
ideas. Planck's replies showed a warm r eception to Schroedinger's 
views. And although he had pronounced the revolutionary idea of the 
quantum of energy in 1900, he showed a welcome to the "intuitive" aspect 
of wave mechanics which so appealed to Schroedinger. 
In Lorentz's exchanges with Schroedinger, also in 1926, he shows that 
it is difficult for him to interpret Schroedinger's waves "in a system of 
more than one particle." Lorentz's rejoinders made it difficult, at that 
time, for Schroedinger to develop his theory further. 
When Einstein wrote to Schroedinger suggesting an equation that would 
be general and would satisfy two critical but very general properties of 
matter, it turned out to be just the equation that Schroedinger had intro-
duced in his own paper. Schroedinger was delighted and took Einstein's 
remarks as providing new evidence to substantiate his own method of 
handling his problem. 
Complying with the wish of the widow of Erwin Schroedinger , K. Przi-
bram prevailed upon the Austrian Academy's Division of Mathematics 
and Natural Sciences on January 25, 1962, to have these twenty-one 
letters printed. 
Herbert J. Plagge 
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